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(54) Multiple power mode amplifier with bias modulation option and without bypass switches 



(57) A multiple power mode amplifier provides a low 
and a high power mode without using switches. This am- 
plifier may be used in radio frequency (RF) applications 
such as mobile telephones, pagers, portable digital as- 
sistants, and wireless e-mail devices. In the low power 
mode, the power consumption of the amplifier is reduced, 



which will increase operation time, especially important 
for battery-operated devices. In one implementation, the 
amplifier includes a number of impedance matching net- 
work units (130, 140, 150, and 160), impedance trans- 
former (170), and a power stage (120). An implementa- 
tion provides further powerconsumption savings by mod- 
ulating a bias of an amplifier stage. 
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Description 

[0001] The present invention relates to a power ampli- 
fier, especially a radio frequency (RF) amplifier used in 
mobile handset and other battery-powered applications 
{e.g., portable wireless devices, personal digital assist- 
ants (PDAs), notebook computers, and others). More 
particularly, the present invention relates to a multiple 
power mode power amplifier with high efficiency appro- 
priate for amplifying power corresponding to various out- 
put power levels without using bypass switching circuits. 
[0002] Mobile handsets or mobile telephones (also 
sometimes called cell phones) for wireless communica- 
tion services are becoming smaller and lighter. This also 
means a size of the battery, which is a typically a sizeable 
portion of a mobile handset, is also becoming smaller in 
order to facilitate a smaller and lighter mobile handset. 
But at the same time a telephone and its battery is be- 
coming smaller, it is desirable to extend a talk time of a 
mobile handset. As can be appreciated, these are difficult 
goals to reconcile; if the power drain of a device remains 
the same and the battery is smaller, operating time of the 
device per battery charge becomes shorter. 
[0003] In a conventional mobile handset, the radio fre- 
quency (RF) power amplifier consumes most of the pow- 
er of the overall system of the mobile handset. Thus, low 
efficiency of the RF power amplifier degrades the effi- 
ciency of the overall system, drains the battery more rap- 
idly, and thus reduces the talk time. For this reason, much 
research in this field concentrates on increasing the ef- 
ficiency of the RF power amplifier. If the RF power am- 
plifier is more efficient, this reduces power drain and the 
battery, which in turn increases talk time or the operating 
time of the device per batter charge. 
[0004] A multiple power mode power amplifier is one 
of the devices introduced recently as a result of such 
research conducted to increase efficiency of the RF pow- 
er amplifier. The multiple power mode power amplifier is 
configuredto operate its own powerstage corresponding 
to a desired situation and is operated in one of several 
operation modes corresponding to output power levels, 
as discussed in U.S. patent numbers 5,152,004; 
5,1 75,871 ; 5,276,91 2; 5,530,923; 5,661 ,434; 5,758,269; 
5,909,643; 6,060,949; 6,069,526; and 6,356,150. By- 
pass switching circuits have been used for such opera- 
tions of the multiple power mode power amplifier. 
[0005] If low output power is required, it is desirable to 
adjust a path of power transmission to bypass a power 
stage. In contrast, if the high output power is required, it 
is desirable to adjust a path of power transmission to 
pass the power stage in order to provide high output pow- 
er. Using a conventional multiple power mode power am- 
plifier (which uses bypass switches) that selectively per- 
forms mode transition corresponding to desired output 
power levels, it is possible to reduce DC power consump- 
tion at the time of transferring signals of low output power. 
[0006] However, the multiple power mode power am- 
plifier with switches (e.g., PIN diodes) is relatively costly 



to manufacture and the switches reduce efficiency some- 
what because they may have negative gain (e.g., -1dB 
gain per switch). Further, more than one power stage 
among a plurality of power stages connected to each 

5 other in serial should be switched in order to implement 
the multiple power mode power amplifiers, and more than 
one bypass switching circuits and a complex logical con- 
trol circuit for controlling the bypass switching circuits are 
required for the switching operation. 

10 [0007] Power losses caused by switching operations 
at the bypass switching circuits causes a reduction of 
output power and the reduction of output power causes 
reduction of efficiency of the multiple power mode power 
amplifier. Further, there is another problem in that an 

75 adjacent channel power ratio (ACPR) gets worse. Fur- 
thermore, the size of the entire system gets larger due 
to bypass switching circuits themselves and the complex 
logical control circuit additionally added for controlling 
the bypass switching circuits, so that the conventional 

20 multiple power mode power amplifier is considered as 
regressive considering a trend towards a smaller-sized 
mobile handset. Also the enlarged size of the entire sys- 
tem is disadvantageous in price competitiveness, partic- 
ularly since the switches are expensive components. 

25 [0008] Therefore, it is a need to provide a more power 
efficient power amplif ier, and in particular, a multiple pow- 
er mode amplifier that does not use any switches. 
[0009] A preferred embodiment of the present inven- 
tion provides a multiple power mode power amplifier that 

30 amplifies power of various levels with a bypass circuit 
not including switches, so that problems of power loss, 
increased size, and increased cost associated with con- 
ventional multiple power mode power amplifier using by- 
pass switches may be avoided. Further, the multiple pow- 

35 er mode power amplifier of a preferred embodiment of 
the invention reduces DC power consumption in the low 
power mode, so that power added efficiency (PAE) char- 
acteristics of the power amplifier is improved and oper- 
ation time of a portable electronic device (e.g., talk time 

40 of a mobile handset) equipped with the present multiple 
power mode power amplifier may be extended. 
[0010] In one embodiment, the multiple power mode 
amplifier uses a variable gain amplifier as a driver to min- 
imize power loss associated with the conventional mul- 

45 tiple power mode poweramplifier in the high power mode, 
so that PAE characteristics in the high power mode may 
be improved and poor linearity in the high power mode 
may be solved. In addition, improvement in sound quality 
and size reduction of the mobile handset may be obtained 

50 in a mobile handset or telephone equipped with the 
present multiple power mode power amplifier. 
[0011] An embodiment of the present invention aims 
to solve at least the above problems of the conventional 
multiple power mode power amplifier using bypass 

55 switches and provides a multiple power mode power am- 
plifier with high efficiency that may amplify power of var- 
ious levels without using bypass switches by making a 
path for bypassing a power stage and a path for passing 
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through a power stage joined at an optimum point and 
providing an optimum impedance transformer on the path 
for bypassing the power stage. 
[0012] In an embodiment, the invention is a multiple 
power mode power amplifier with high efficiency includ- 
ing a power stage for receiving power amplified by a driv- 
er through a first impedance matching unit connected in 
serial to the driver amplifying input power and a second 
impedance matching unit connected to the first imped- 
ance matching unit, reamplifying the power and output- 
ting the reamplified power; an applied voltage control cir- 
cuit, connected to the power stage, for controlling applied 
voltages corresponding to a first power mode and a sec- 
ond power mode; an impedance transformer for receiving 
power amplified by the driver through the first impedance 
matching unit, according to operations of the applied volt- 
age control circuit; a third impedance matching unit, con- 
nected to the power stage in serial, for receiving power 
amplified by the power stage, according to operations of 
the applied voltage control circuit; and a fourth imped- 
ance matching unit, connected to the third impedance 
matching unit and connected to the impedance trans- 
former, for transferring power, transferred from the third 
impedance matching unit or the impedance transformer, 
to an output stage according to operations of the applied 
voltage control circuit. 

[0013] According to one implementation, the power 
stage is connected to the second impedance matching 
unit in serial, and in the second power mode, the power 
stage receives power amplified by the driver through the 
second impedance matching unit and reamplifies the 
power. 

[0014] In an implementation, the applied voltage con- 
trol circuit adjusts voltage applied to the power stage in 
order for the power stage to be off in the first power mode 
and in order for the power stage to be on in the second 
power mode. 

[0015] In an implementation, the impedance trans- 
former is connected in a parallel branch to the second 
impedance matching unit, the power stage and the third 
impedance matching unit, and in the first power mode, 
the impedance transformer receives through the first im- 
pedance matching unit the power amplified by the driver 
and outputs the power to the fourth impedance matching 
unit. Further, in a specific implementation, the impedance 
transformer has the structure of a band-pass filter. In its 
other implementation, the impedance transformer may 
be any type of band-selective filter including band-pass, 
band reject, low pass, or high pass. 
[0016] In an implementation, the third impedance 
matching unit prevents power transferred through the im- 
pedance transformer from leaking to the power stage. 
[0017] In an implementation, the fourth impedance 
matching unit receives power from the impedance trans- 
former in the first power mode and the fourth impedance 
matching unit receives power from the third impedance 
matching unit in the second power mode. 
[001 8] In an implementation, a path, that power which 



passed through the first impedance matching unit is 
transferred to the fourth impedance matching unit, is de- 
termined by comparing impedance as viewed from the 
first impedance matching unit towards the power stage 

5 and impedance as viewed from the first impedance 
matching unit towards the impedance transformer. 
[001 9] In an implementation, the impedance as viewed 
from the first impedance matching unit towards the im- 
pedance transformer forms a part of an interstage match- 

10 ing unit between the driver and the power stage together 
with the first impedance matching unit in the second pow- 
er mode. 

[0020] In another embodiment, a multiple power mode 
power amplifier with high efficiency includes a driver for 

15 variably amplifying gain of input signal using a variable 
gain amplifier; a power stage for receiving power ampli- 
fied by the driver through a first impedance matching unit 
connected to the driver in serial and a second impedance 
matching unit connected to the first impedance matching 

20 unit, reamplifying the power and outputting the reampli- 
fied power; an applied voltage control unit, connected to 
the power stage, for controlling an applied voltage cor- 
responding to the first power mode and the second power 
mode; an impedance transformer for receiving through 

25 the first impedance matching unit power amplified by the 
driver according to operations of the applied voltage con- 
trol circuit; a third impedance matching unit, connected 
to the power stage in serial, for receiving power amplified 
by the power stage according to operations of the applied 

30 power control circuit; and a fourth impedance matching 
unit, connected to the third impedance matching unit and 
connected to the impedance transformer, for transferring 
the powertransferredfromthe third impedance matching 
unit or the impedance transformer, to an output stage 

35 according to operations of the applied voltage control cir- 
cuit. 

[0021] In an implementation, the power stage is con- 
nected to the second impedance matching unit in serial, 
and in the second power mode, the power stage receives 

40 through the second impedance matching unit power am- 
plified by the driver and reamplifies the power. 
[0022] In an implementation, the applied voltage con- 
trol circuit controls the driver in order for gain of signal 
inputted into the driver to be differently amplified corre- 

45 sponding to the first power mode and the second power 
mode. The applied voltage control circuit adjusts voltage 
applied to the power stage in order for the power stage 
to be off in the first power mode and in order forthe power 
stage to be on in the second power mode. 

50 [0023] The amplifiers may have more than two power 
modes. For example, the amplifier may have three, four, 
five, six, or even greater number of modes, such as sev- 
eral different power modes using various amounts of 
power. 

55 [0024] In an implementation, the impedance trans- 
former is connected in parallel to a circuit branch includ- 
ing the second impedance matching unit, the power 
stage, and the third impedance matching unit, and in the 
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first power mode, the impedance transformer receives 
through the first impedance matching unit power ampli- 
fied by the driver and outputs the power to the fourth 
impedance matching unit. The impedance transformer 
has the structure of a band-pass filter. In its other imple- 
mentation, the impedance transformer may be any type 
of band-selective filter including band-pass, band reject, 
low pass, or high pass. 

[0025] In an implementation, the third impedance 
matching unit prevents power transferredjh rough the 
impedance transformer from leaking to the power stage. 
[0026] In an implementation, the fourth impedance 
matching unit receives power from the impedance trans- 
former in the first power mode and the fourth impedance 
matching unit receives power from the third impedance 
matching unit in the second power mode. 
[0027] In an implementation, a path, for power passing 
through the first impedance matching unit to the fourth 
impedance matching unit is determined by comparing an 
impedance as viewed from the first impedance matching 
unit towards the power stage and impedance as viewed 
from the first impedance matching unit towards the im- 
pedance transformer. 

[0028] In an implementation, the impedance as viewed 
from the first impedance matching unit towards the im- 
pedance transformer forms a part of an interstage match- 
ing unit between the driver and the power stage together 
with the first impedance matching unit in the second pow- 
er mode. 

[0029] In one embodiment, a multiple power mode am- 
plifier configured for use in a portable electronic device 
includes a driver to provide power. A power stage tran- 
sistor includes an input node and an output node. The 
input node of the power stage transistor is coupled to the 
driver to receive the power from the driver in a high power 
mode. An impedance transformer includes an input node 
and an output node and is provided in a parallel branch 
to the power stage transistor. The input node of the im- 
pedance transformer is configured to receive the power 
from the driver in a low power mode. 
[0030] In another embodiment, a portable electronic 
device includes a power source and a power amplifier 
coupled to the power source. The power amplifier in- 
cludes a driver to provide power; a power stage transistor 
including an input node and an output node, the input 
node of the power stage transistor being coupled to the 
driver to receive the power from the driver and configured 
to receive power from the driver in a high power mode; 
and an impedance transformer including an input node 
and an output node and provided in a parallel branch to 
the power stage transistor, the input node of the imped- 
ance transformer being configured to receive the power 
from the driver in a low power mode. 
[0031] In another embodiment, a multiple power mode 
amplifier configured for use in a mobile phone includes 
a driver to provide power; a power stage transistor in- 
cluding an input node and an output node, the input node 
of the power stage transistor being coupled to the driver 



and being configured to receive the power from the driver 
during a high power mode operation; a first impedance 
matching unit coupled to the driver to receive the power 
output by the driver; a second impedance matching unit 

5 provided between the first impedance matching unit and 
the power stage transistor; an impedance transformer 
including an input node and an output node and provided 
in a parallel branch to the power stage transistor, the 
input node of the impedance transformer being config- 

io u red to receive the power from the first impedance match- 
ing unit during a low power mode operation; a third im- 
pedance matching unit having a first side and a second 
side, the first side of the third impedance matching unit 
being coupled to the output node of the power stage tran- 

15 sistor; and a fourth impedance matching unit being cou- 
pled to the second side of the third impedance matching 
unit and the output node of the impedance transformer. 
[0032] In yet another embodiment, a multiple power 
mode power amplifier includes a power stage transistor 

20 configured to receive first power from a driver via first 
and second impedance matching units during a high 
power mode and output second power that is greater 
than the first power; an applied voltage control circuit 
coupled to the power stage transistor and configured to 

25 apply a first signal to the power stage transistor during 
the high power mode to turn on the power stage transistor 
and apply a second signal to the power stage transistor 
during a low power mode to turn off the power stage 
transistor; an impedance transformer configured to re- 

30 ceive third power from the driver via the first impedance 
matching unit during the low power mode, the third power 
being less than the second power; a third impedance 
matching unit coupled to the power stage transistor in 
series and configured to receive the second power output 

35 by the power stage transistor during the high power 
mode; and a fourth impedance matching unit coupled to 
the third impedance matching unit in series and config- 
ured to receive the second power from the third imped- 
ance matching unit or third power from the impedance 

40 transformer and transfer the received second or third 
power to an output stage. 

[0033] According to other preferred embodiments, the 
invention includes the use of an amplifier circuit having 
multiple modes and without switches in a wireless trans- 

^5 mitter or transceiver device such as a mobile telephone. 
Preferred embodiments of the invention include the use 
of an amplifier circuit having multiple modes and without 
switches to extend transmit time of a portable wireless 
device. Preferred embodiments of the invention include 

so the use of an amplifier circuit having multiple modes and 
without switches to increase the battery life of a portable 
wireless device. Preferred embodiments of the invention 
include the use of an amplifier circuit having two or more 
modes without switches to operate in a low power or a 

55 high power mode depending on a distance to a receiving 
antenna, thus improving efficiency and reducing power 
consumption. Preferred embodiments of the invention in- 
clude the use of a change in an impedance of a power 
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stage to change from a low power mode to a high power 
mode, or vice versa, without using switches. Preferred 
embodiments of the invention include the use of imped- 
ance network to change from one power mode to another 
power mode for an amplifier without switches. 5 
[0034] Another aspect of the invention is to provide a 
bias modulation circuit to change the biasing to an am- 
plifier to reduce its power consumption. This is different 
from the technique of switching an amplifier so it is off. 
By changing the biasing of an amplifier, its mode of op- 10 
eration may be changed so it operates in class AB mode 
closerto class B than class A. With this technique, power 
consumption in the low power mode is further reduced 
for an amplifier module over an amplifier module without 
the bias modulation circuit. 15 
[0035] Other features, of the present invention will be- 
come apparent upon consideration of the following de- 
tailed description and the accompanying drawings, by 
way of example only, in which like reference designations 
represent like features throughout the figures. 20 
[0036] Figure 1 illustrates a conventional multiple pow- 
er mode power amplifier using bypass switches. 
[0037] Figure 2 illustrates a conventional multiple pow- 
er mode power amplifier using other bypass switches. 
[0038] Figure 3A illustrates a conventional multiple 25 
power mode power amplifier using a bypass switch, of 
which the switch is connected to an output terminal of 
A/4 bypass transmission line. 

[0039] Figure 3B illustrates a conventional multiple 
power mode power amplifier using a bypass switch, of 30 
which the switch is connected to an input terminal of A/4 
bypass transmission line. 

[0040] Figure 4 illustrates a conventional multiple pow- 
er mode power amplifier using other bypass switches. 
[0041 ] Figure 5 illustrates a multiple power mode pow- 35 
er amplifier with high efficiency using power mode tran- 
sition structure without a bypass switch according to one 
embodiment of the present invention. 
[0042] Figure 6 illustrates the multiple power mode 
power amplifier with high efficiency illustrated in figure 5 *o 
in detail for explaining power mode transition structure 
without a bypass switch. 

[0043] Figure 7A is a graph illustrating gain character- 
istic corresponding to the high power mode and the low 
power mode of the multiple power mode power amplifier 
according to one embodiment of the present invention. 
[0044] Figure 7B is a graph illustrating power added 
efficiency (PAE) characteristic corresponding to the high 
power mode and the low power mode of the multiple pow- 
er mode power amplifier according to one embodiment 50 
of the present invention. 

[0045] Figure 8 shows a more detailed circuit diagram 
of a two-stage implementation of the multiple power 
mode amplifier. 

[0046] Figure 9 shows an alternative embodiment of a 55 
multiple power mode amplifier where driver 1 1 0 is a var- 
iable gain amplifier (VGA) or predistorter circuit. 
[0047] Figure 10 shows another alternative embodi- 



ment of a multiple power mode amplifier having three 

stages, two drivers and one power stage. 

[0048] Figure 1 1 shows an alternative embodiment of 

a three-stage multiple power mode amplifier where one 

of the drivers is a variable gain amplifier or predistorter 

circuit. 

[0049] Figure 12 shows another alternative embodi- 
ment of a three-stage multiple power mode amplifier, but 
the bypass path with impedance transformation network 
bypasses only the main power stage. 
[0050] Figure 13 shows a more detailed circuit diagram 
of the amplifier circuit in figure 12. 
[0051 ] Figure 1 4 shows an alternative embodiment of 
the amplifier circuit in figure 12 where one of the drivers 
is a variable gain amplifier or predistorter. 
[0052] Figure 15 shows various different circuit ar- 
rangements for impedance matching network 1 and im- 
pedance matching network 2. 

[0053] Figure 16 shows various different circuit ar- 
rangements for impedance matching network 3 and im- 
pedance matching network 4. 

[0054] Figure 17 shows various different circuit ar- 
rangements for the impedance transformation network. 
[0055] Figure 18 shows a more detailed circuit diagram 
of an implementation of the amplifier circuit of figure 1 4. 
[0056] Figures 19 shows various different circuit ar- 
rangements for the voltage control circuitry. 
[0057] Figure 20 shows a two-stage multiple mode am- 
plifier circuit of the invention implemented using CMOS 
technology. 

[0058] Figure 21 shows a three-stage multiple mode 
amplifier circuit of the invention implemented using 
CMOS technology. 

[0059] Figure 22 shows a two-stage multiple mode am- 
plifier circuit of the invention implemented using MESFET 
technology. 

[0060] Figure 23 shows a three-stage multiple mode 
amplifier circuit of the invention implemented using MES- 
FET technology. 

[0061 ] Figure 24 shows an implementation of the am- 
plifier circuit of figure 5 with bias modulation circuitry. 
[0062] Figure 25 shows an embodiment of the 
three-stage amplifier configuration of figure 12 with am- 
plifier bias modulation. 

[0063] Figures 26A and 26B further illustrate the re- 
duced bias supply concept of the invention. 
[0064] Figures 27 shows more detailed circuit diagram 
of the scheme of figure 26B respectively. 
[0065] Figure 28 shows four examples of the driver 
stage control circuitry. 

[0066] Figure 29A shows a voltage control circuit con- 
nected to an amplifier driver for altering its bias voltage. 
[0067] Figures 29B and 29C show graphs of how R1 
or R2 can be used to fine tune the bias supply current to 
the drive r2 transistor at the design stage. 
[0068] Figure 30 shows a graph of the current variation 
versus the output power. 

[0069] Figure 31 shows a graph of the efficiency (PAE) 



5 



9 



EP1 612 932 A1 



10 



versus the output power. 

[0070] Figure 32 shows a graph of the ACPR versus 
the output power. 

[0071 ] Figure 33 shows a graph of the gain versus the 
output power. 

[0072] Figure 1 illustrates a conventional multiple pow- 
er mode power amplifier using bypass switches or by- 
pass switch circuits. The multiple power mode power am- 
plifier illustrated in figure 1 is configured using three by- 
pass switch circuits. 

[0073] If the power amplifier is operated in the high 
power mode, both a first switch 31 and a second switch 
32 are closed and a third switch 33 is open, so that output 
of a driver 10 including an impedance matching unit is 
input into a power stage 22 (or power amplifying compo- 
nent). In contrast, if the power amplifier is operated in the 
low power mode, both the first switch 31 and the second 
switch 32 are open and the third switch 33 is closed, so 
that output of the driver 10 including the impedance 
matching unit bypasses the power stage 22. 
[0074] The multiple power mode amplifier illustrated in 
figure 1 has disadvantages in that the size of the entire 
system increases and power loss of the entire system 
increases due to power loss of the bypass switch circuits. 
Especially, power loss of the second switch 32 connected 
to an output terminal of the power stage affects greatly 
the efficiency and linearity of the operation in the high 
power mode, so that a bypass switch circuit having great 
power capacity and excellent loss characteristic should 
be used; however, the use of a bypass switching circuit 
with a large power handling capability and extremely low 
power loss requires high cost. 

[0075] For example, a typical switch may be a PIN di- 
ode that has a -1 dB gain. When there are multiple switch- 
es in series {i.e., serial switches), the gain loss is cumu- 
lative. Also PIN diodes are typically not integrated with 
the amplifier, which increases the number of integrated 
circuits (ICs) or chips or components needed. This in- 
creases cost Also, PIN diodes themselves are relatively 
costly to include in a circuit. Some examples of other 
types of switches are relays, micromachined switches, 
transistor switches, PIN diode switches, and Schottky 
diode switches. 

[0076] A switch can be made out of active or passive 
devices. Some common active device switches are PIN 
diodes, Schottky diodes, and transistors. The term "ac- 
tive" means that DC supply and power consumption are 
needed for the device to operate properly. 
[0077] A switch may also be implemented using pas- 
sive devices such as mechanical relays. Also, recently 
with the development of MEMS (microelectromechanical 
system) technology, the micromachined mechanical 
switches are also possible, which can be used in the in- 
tegrated circuits. For passive switches, no power con- 
sumption is needed, but control DC signals are still need- 
ed for operation. 

[0078] All in all, these can all be categorized as switch- 
es or switch devices, and they share three distinct fea- 



tures. They add loss to the signals and add cost to the 
whole system. Also, external control signals are needed 
to turn on and off the switches. 
[0079] Figure 2 illustrates a conventional multiple pow- 
5 er mode power amplifier using other bypass switch cir- 
cuits. The multiple power mode power amplifier illustrat- 
ed in figure 2 is configured using a combination of a SPDT 
(single-pole and double-throw) switch and a shunt (not 
serial) switch in the bypass path. 

w [0080] An input signal to be amplified is coupled to a 
pole 41 of a switch 44. The switch 44 can be operated 
so as to couple the input signal at pole 41 to either throw 
42 or to throw 43. The throw 43 is coupled to the input 
of a power amplifying stage 45. The output of the power 

'5 amplifying stage 45 is coupled to a first side of a first 
impedance-transforming unit 47. A second side of the 
unit 47 is coupled to an output node 50. The throw 42 is 
coupled to a first side of a second impedance-transform- 
ing unit 46. A third impedance transforming unit 48 has 

20 a first side directly coupled to the second side of imped- 
ance transforming network 47 and to the output node 50. 
A second side of the impedance transforming unit 48 is 
switched by a switch 49 between a second side of im- 
pedance transforming unit 46 and ground. 

25 [0081] The operation of switch 49 is coordinated with 
the operation of switch 44. The impedance transforming 
units have impedance values selected so that in a high 
power mode, i.e., when the input signal is coupled via 
the switch 44 to the amplifying stage 45, the output of 

30 the amplifying stage 45 sees the correct load impedance 
through the impedance transforming unit 47. When op- 
erating in a low power mode, i.e., when switch 44 con- 
nects to the throw 42 and routes the input signal via the 
impedance transforming unit 46, the input signal also 

35 sees the correct load impedance through the impedance 
transforming unit 46. 

[0082] Since the power amplifier illustrated in figure 2 
should use at least two single pole double-throw (SPDT) 
switches, characteristic gets worse due to inherent loss- 
40 es of the switches and manufacturing costs also increas- 
es due to use of relatively expensive switches and a big- 
ger power amplifying stage. 

[0083] Figure 3a illustrates a conventional multiple 
power mode power amplifier using a bypass switch cir- 

45 cuit, of which switching circuit is connected to an output 
terminal of A/4 bypass transmission line. The multiple 
power mode power amplifier illustrated in figure 3a in- 
cludes a carrier amplifier S1 and has a bypass imple- 
mented by a bypass switch circuit configured by using 

50 A/4 bypass transmission line 52 and a shunt switch 53. 
[0084] In a high power mode, the shunt switch 53 of 
the bypass switch circuit is connected to the ground and 
the bypass switching circuit including the shunt switch 
53 is operated as a short-circuited stub by being con- 

55 nected to the A/4 bypass transmission line 52, and 
presents an open circuit seen from the carrier amplifier. 
[0085] In a low power mode, the shunt switch 53 of the 
bypass switching circuit is connected to an output termi- 
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nal of the carrier amplifier 51 and is operated as a bypass 
together with the bypass transmission line 52. 
[0086] Figure 3b illustrates a conventional multiple 
power mode power amplifier using a bypass switch cir- 
cuit, of which the switch circuit is connected to an input 
terminal of X74 bypass transmission line. 
[0087] A difference between the multiple power mode 
power amplifier illustrated in figure 3b and the multiple 
power mode power amplifier illustrated in figure 3a is only 
the order of a A/4 bypass transmission line and a bypass 
switch circuit. 

[0088] Since the multiple power mode power amplifier 
illustrated in figures 3a and 3b includes only one bypass 
switch circuit, it has an advantage in that the size of the 
entire system is small. However, at the same time, it has 
a disadvantage in that bandwidth is limited due to use of 
a A/4 bypass transmission line and requires a large area 
to accommodate the long transmission line. 
[0089] Figure 4 illustrates a conventional multiple pow- 
er mode power amplifier using other bypass switch cir- 
cuits. The power amplifier includes an input stage tran- 
sistor 62, an output amplifier stage transistor 65, a serial 
switch 66 comprising two parallel diodes, and a switching 
transistor 68. 

[0090] In a high power mode, the switching transistor 
68 is off and the serial switch 66 is open. Accordingly, 
output of the input stage transistor 62 is inputted into the 
output stage transistor 65 and a first impedance matching 
unit 63 that transforms input impedance into impedance 
of 15 ohms. 

[0091] In a low power mode, base bias of the output 
stage transistor 65 is off and the switching transistor 68 
is on, so thatthe switch 66 is closed. A second impedance 
matching unit 64 transforms load impedance into imped- 
ance of 25 ohms. The second impedance matching unit 
64 has smaller impedance than input impedance of the 
output stage transistor 65 when the switch 66 is closed 
and has bigger impedance than input impedance of the 
output stage transistor 65 when the switch 66 is open. 
Thus, the second impedance matching unit 64 operates 
as a bypass. 

[0092] In the following part of this specification, a de- 
tailed explanation is given with reference to the attached 
drawings as to the multiple power mode power amplifier 
with high efficiency in accordance with embodiments of 
the present invention. As used in the application, a first 
power mode is also referred to as the low power mode, 
and a second power mode is also referred as the high 
power mode. 

[0093] Figure 5 illustrates a multiple power mode pow- 
er amplifier with high efficiency using power mode tran- 
sition structure without a bypass switch circuit according 
to one embodiment of the present invention. In other 
words, the amplifier does not include any switches or 
switch devices in its circuitry. As has been mentioned 
above, some examples of switches include relays, mi- 
cromachined switches, transistor switches, PIN diode 
switches, and Schottky diode switches. 



[0094] The approach of the present invention does not 
use any switches and is free from external control circuits 
provided to control the switches and the added cost and 
loss due to having switches. This allows one to implement 

5 . a circuit such as a multiple mode amplifier in a compact, 
simple manner and a cost-effective way. Further, no loss 
means that the performance (/'.e., linearity and efficiency) 
can be maximized. Although described respect to a mul- 
tiple mode amplifier, techniques of the present invention 

10 maybe applied to other types of circuit besides amplifiers. 
[0095] The multiple power mode power amplifier with 
high efficiency illustrated in figure 5 includes: a driver 100 
for amplifying input power; a power stage 1 20 for receiv- 
ing power amplified by the driver 100 through a first im- 

15 pedance matching unit 1 30 connected to the driver and 
a second impedance matching unit 140 connected to the 
first impedance matching unit 1 30, reamplifying the pow- 
er and outputting the reamplified power, an applied volt- 
age control circuit 90, connected to the power stage 120, 

20 for controlling applied voltages corresponding to the low 
power mode and the high power mode; an impedance 
transformer 1 70 for receiving power amplified by the driv- 
er 100 through the first impedance matching unit 130, 
according to operations of the applied voltage control cir- 

25 cuit 90 and transferring the power to a fourth impedance 
matching unit 1 60; a third impedance matching unit 150, 
connected to the power stage 120 in serial, for transfer- 
ring power amplified by the power stage 120 to the fourth 
impedance matching unit 160; and the fourth impedance 

30 matching unit 160, connected to the third impedance 
matching unit 150 and connected to the impedance trans- 
former 1 70, for transferring power, transferred from the 
third impedance matching unit 150 or the impedance 
transformer 1 70, to an output signal node 240 according 

35 to operations of the applied voltage control circuit 90. 
[0096] As will be explained below, in one embodiment, 
the power stage 120 includes one or more transistors to 
regulate the flow of power through it The power stage 
1 20 may also amplify the power received from the driver 

<o 1 00 during high power mode operation. Accordingly, the 
power stage 120 may also refer to a "power amplifier 
stage" or "power stage transistor." -In an embodiment, 
the powerstage includes one or more transistors. Further 
details are provided below. A transistor to amplify a signal 

45 in the signal path may be called a power stage transistor. 
This transistor may include one or more transistors con- 
nected in parallel. 

[0097] The applied voltage control circuit 90 adjusts a 
voltage applied to the power stage 1 20 by exterior control 

50 signal inputs corresponding to the low power mode and 
the high power mode. Since output power is reduced in 
the low power mode by passing through not the power 
stage 120, but the optimized first impedance matching 
unit 130 and the optimized impedance transformer 170, 

55 the applied voltage control circuit 90 adjusts the voltage 
applied to the power stage 120 in order for transistors of 
the power stage 1 20 to be off. This reduces power con- 
sumption. 
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[0098] In contrast, in the high power mode, since out- 
put power is increased by passing through the first im- 
pedance matching unit 130, the second impedance 
matching unit 140 and the power stage 120, the applied 
voltage control circuit 90 applies voltage appropriate for 
operations of transistors of the power stage 120. This 
increases power consumption. 
[0099] In the low power mode, the driver 1 00 amplifies 
input power and transfers the amplified power to the im- 
pedance transformer 1 70 through the optimized first im- 
pedance matching unit 130. In contrast, in the high power 
mode, the driver 1 00 amplifies input power and transfers 
the amplified power to the power stage 120 through the 
optimized first impedance matching unit 130 and the op- 
timized second impedance matching unit 140. 
[01 00] The power stage 1 20 in the low power mode is 
turned off by the applied voltage control circuit 90, while 
in the high power mode, the power stage 120 is turned 
on and amplifies the signal to be transmitted, amplified 
by the driver 1 00 and inputted into the power stage 120. 
[01 01 ] The first impedance matching unit 1 30 is a cir- 
cuit optimized for optimal operations corresponding to 
the low power mode and the high power mode. The first 
impedance matching unit 130 transfers input power am- 
plified by the driver 100 corresponding to the operation 
mode to the impedance transformer 1 70 or the power 
stage 120. 

[0102] The second impedance matching unit 140 is a 
circuit optimized for optimal operations corresponding to 
the low power mode and the high power mode. In the 
low power mode, the second impedance matching unit 
140 routes power, amplified by the driver 1 00 and trans- 
ferred through the first impedance matching unit 130, to 
the impedance transformer 1 70 and in the high power 
mode, to the power stage 120. In the high power mode, 
the second impedance matching circuit acts also as an 
interstage matching circuit, allowing high efficiency pow- 
er transfer from the driverto the power stage. The second 
impedance matching unit works in conjunction with the 
first impedance unit and impedance transformer for this 
purpose to provide power matching. 
[0103] The impedance transformer 170 is an imped- 
ance transforming circuit that transforms impedance ap- 
propriately corresponding to the low power mode or the 
high power mode. In the low power mode, the impedance 
transformer 1 70 forms a path that bypasses the power 
stage 120, so that output of the driven 00 is transferred 
through node 76 to output signal node 240 of the power 
amplifier. 

[0104] Figure 6 illustrates the multiple power mode 
power amplifier with high efficiency illustrated in figure 5 
in more detail for explaining the power mode transition 
structure without bypass switching circuit. 
[01 05] Output power of the driver 1 00 reaches a junc- 
tion 72. At junction 72, the path divides corresponding to 
power modes via the first impedance matching unit 130. 
[0106] In the low power mode, the power stage 120 is 
off by voltage applied by the applied voltage control circuit 



90, and input impedance Z )NT . H of the power stage 120 
as viewed from the first impedance matching unit 130 
(see figure 5) is larger than input impedance Z )NT . L of a 
path bypassing the power stage 120 as viewed from the 

5 first impedance matching unit 1 30. The input impedance 
2 , NT . H may be significantly or substantially larger than 
the input impedance Z , NT . L . In an implementation, 
Z INT . H is about two times larger than Z jm -. L . In an im- 
plementation, Z )NX _ H is about three times larger than 

10 Z | NT . L . In an implementation, Z (NT . H is more than two 
times larger than Z | NT . L . In an implementation, Z , NT , H is 
more than three times larger than Z , NT . L . In an imple- 
mentation, Z )NT . H is in a range from about two to about 
three times larger than Z , NT . L . In an implementation, 

15 Z | NT . H is less than about three times larger than Z 
In an implementation, Z , NT . H is greater than two larger 
than Z INT . L , but less than about three times larger than 

Z INT-L- 

[0107] The design of impedance transformer 170 is 

20 optimized in conjunction with the third impedance match- 
ing unit 1 50 and the fourth impedance matching unit 1 60 
to lower the impedance level as viewed from the first 
impedance matching unit 130 in the low power mode. 
Thus, a power signal amplified by the driver 100 and 

25 transferred to the junction 72 is optimized so that the 
amount of power inputted into the impedance transformer 
1 70 is significantly or substantially largerthan the amount 
of power inputted into the power stage 120. The output 
power signal is transferred to the output signal node 240 

30 with minimizing power leakage to the power stage by 
impedance transforming action of 1 70 in conjunction with 
the third impedance matching unit 150 and the fourth 
impedance matching unit 1 60. 
[0108] In the high power mode, the power stage 120 

35 is on, controlled by a voltage applied by the applied volt- 
age control circuit 90, and input impedance Z iNT . H of the 
power stage 120 as viewed from the first impedance 
matching unit 1 30 is smaller than input impedance Z m . L 
of a path bypassing the power stage 120 as viewed from 

40 the first impedance matching unit 130. The impedance 
transformer 1 70 is optimally designed in conjunction with 
the third impedance matching unit 150 and the fourth 
impedance matching unit 1 60 to increase Z int-l of a by~ 
pass path well above Z INT . H of the power stage 120 in 

45 the high power mode. The second impedance matching 
unit 140 is designed to boost up the impedance level as 
viewed from the first impedance matching unit 130 while 
providing interstage matching in the high power mode. 
Thus, most power, amplified by the driver 100 and trans- 

50 ferred to the junction 72, is amplified by the power stage 
120 and is transferred to the output signal node 240 of 
the power amplifier, while minimizing power leakage to 
the impedance transformer 170 by the optimized third 
impedance matching unit 150 and the optimized fourth 

55 impedance matching unit 1 60. 

[0109] Input impedance Z m ± of a path bypassingthe 
power stage 120 as viewed from the first impedance 
matching unit 130 forms an interstage matching unit be- 
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tween the driver 100 and the power stage 120 together 
with the first impedance matching unit 130 and the sec- 
ond impedance matching unit 140 in the high power 
mode, so that output power of the driver 1 00 is well trans- 
ferred to the power stage 120 without power reflections. 
[0110] In the high power mode, the input impedance 
Z , NT . L may be significantly or substantially larger than 
the input impedance Z, NT . H . In an implementation, 
Z (NT . L is about two times larger than Z lNrr . H . In an im- 
plementation, Z | NT . L is about three times larger than 
Z , NT _ H . In an implementation, Z iNT . L is more than two 
times largerthan Z m _ H . In an implementation, Z , NT . L is 
more than three times larger than Z , NT _ H . In an imple- 
mentation, Z (NT . L is in a range from about two to about 
three times larger than Z !NT _ H . In an implementation, 
Z imt-l IS less tnan about three times larger than Z ^ H . 
In an implementation, Z lNT . L is at least two times larger 
than Z | NT . H> but less than about three times larger than 

z INT-H- 

[0111] In the low power mode, the power stage is in 
what may be referred to as an off state, and in the high 
power mode, the power stage is in what may be referred 
to as an on state. In the on state, the power stage con- 
sumes significantly more power than in the off state. Fur- 
thermore, in an implementation, an input impedance to 
the power stage is about two times larger in the off state 
as compared to the on state. In an implementation, an 
input impedance to the power stage is greater than about 
two times larger in the off state as compared to the on 
state. 

[01 12] Figure 7a is a graph illustrating a gain charac- 
teristic corresponding to the high power mode and the 
low power mode of the multiple power mode power am- 
plifier according to one embodiment of the present inven- 
tion. 

[0113] In the low power mode, the power stage 120 is 
off, controlled by the applied voltage control circuit 90, 
so that an output of the driver 1 00 is not amplified by the 
power stage 1 20 and the output of the driver 1 00 is trans- 
ferred to the output signal node 240 through the imped- 
ance transformer 170. Thus, the gain characteristic is 
different from that when the output of the driver 1 00 is 
amplified by the power stage 1 20. The dotted line shows 
the gain when the power stage is on, while the solid line 
shows the gain when the power stage is off. In the low 
power mode, DC power is not consumed by the power 
stage 120, so that power added efficiency (PAE) char- 
acteristic is excellent. PAE is ((Pout - Pin)/Pdc). In figure 
7b, the PAE when the power stage is on is shown by the 
dotted line, and when the power stage is off, the PAE is 
the solid line. Using the techniques of preferred embod- 
iments of the invention, the amplifier has an excellent 
PAE in low power mode. 

[0114] In contrast, in the high power mode, an output 
of the driver 1 00 is amplified by the power stage 1 20 and 
reaches the output signal node 240 so that a power gain 
is added to the output of the driver 100 and the PAE 
characteristic depends on the power stage 1 20 that has 



generally high output power level. 
[0115] Accordingly, as illustrated in figure 7a, a gain 
characteristic is comparatively low (i.e., gain of A) in the 
low power mode and gain characteristic is comparatively 

5 high (i.e., gain of B) in the high power mode. 

[01 1 6] Figure 7b is a graph illustrating a power added 
efficiency (PAE) characteristic corresponding to the high 
power mode and the low power mode of the multiple pow- 
er mode power amplifier according to one embodiment 

10 of the present invention. 

[01 17] As illustrated in figure 7b, a PAE characteristic 
in the low power mode (see solid line) is excellent be- 
cause DC power consumption by the power stage 120 
can be removed. In the high power mode, output of the 

15 power stage 1 20 is transferred to the output signal node 
240 through the third impedance matching unit 1 50 and 
the fourth impedance matching unit 160, and the third 
impedance matching unit 150, the fourth impedance 
matching unit 160 and the impedance transformer 170 

20 do not use a switch, so that output of the power stage 
120 is transferred to the output signal node 240 without 
loss and thus PAE characteristic in the high power mode 
is excellent. 

[01 1 8] Figure 8 shows a more detailed circuit diagram 

25 of a specific implementation of the multiple power mode 
amplifier of figure 5. A specific circuit implementation for 
the first impedance matching circuit 130 of figure 5 is 
shown within the box 130 of figure 8. A specific circuit 
implementation for the second impedance matching cir- 

30 cuit 140 of figure 5 is shown within the box 140 of figure 
8. A specific circuit implementation for the third imped- 
ance matching circuit 1 50 of figure 5 is shown within the 
box 150 of figure 8. A specific circuit implementation for 
the fourth impedance matching circuit 160 of figure 5 is 

35 shown within the box 160 of figure 8. A specific circuit 
implementation for the impedance transformer circuit 
1 70 of figure 5 is shown within the box 1 70 of figure 8. A 
specific circuit implementation for the driver circuit 1 00 
of figure 5 is shown within the box 1 00 of figure 8. A 

to specific circuit implementation for the power stage circuit 
120 of figure 5 is shown within the box 120 of figure 8. A 
specific circuit implementation for the applied voltage 
control circuit 90 of figure 5 is shown within the box 90 
of figure 8. 

45 [0119] Figure 8 also shows an input matching circuit 
80, not shown in figure 5, which is used to provide im- 
pedance at the input to prevent or minimize reflected 
waves. This is merely an example of an input matching 
circuit and there are many other circuit configurations 

50 that may be used. 

[0120] An input signal is connected to the power mode 
amplifier at node 70 to the input matching circuit 80. With- 
in input matching circuit 80, an inductor 9003 is connect- 
ed between 70 and a node 9006, a capacitor 9009 is 

55 coupled between node 9011, and a capacitor 9013 is 
connected between node 9006 and a reference voltage 
line, ground. 

[0121] The implementation of figure 8 uses bipolar 
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junction transistors (BJTs). However, in other embodi- 
ments, the invention may use heterostructure bipolar 
transistors, heteroju notion bipolar transistors, MOS tran- 
sistors, field effect transistors (FETs), MESFETs, JFETs, 
BiCMOS, triodes, complementary metal-oxide semicon- 5 
ductor (CMOS) transistor technology, metal-oxide sem- 
iconductor transistors, p-type metal-oxide semiconduc- 
tor transistors, n-type metal-oxide semiconductor tran- 
sistors, high electron mobility transistors, or metal sem- 
iconductor field effect transistors, and their analogous 
devices, and other types of active devices, in any com- 
bination. These devices may be fabricated using semi- 
conductor technology including silicon, gallium arsenide, 
silicon over insulator, or silicon germanium. One or more 
devices may also be fabricated using nanotechnology. 
Furthermore, the particular type of BJT shown is an 
npn-type device. However, it is understood that with the 
necessary changes, the circuitry may also use pnp-type 
device types. As a further example, NMOS (or n-channel 
MOSFET) or PMOS (or p-channel MOSFET) devices 
maybe used. CMOS process technology allows the man- 
ufacture of NMOS and PMOS device types for a single 
integrated circuit. 

[0122] Driver 100 includes a BJT transistor Q5, which 
may be referred to as a driver transistor, having its base 
connected to 901 1 and its emitter coupled to the refer- 
ence voltage (ground in a specific embodiment). A col- 
lector of Q5 is connected to node 901 5, which is an output 
of the driver and input to first impedance matching unit 
130. The circuitry shown for the driver is merely an ex- 
ample of a driver circuit that may be used, and other 
amplifier designs may be used. Driver 100 is a com- 
mon-emitter-type amplifier circuit. Other types of ampli- 
fier circuit configurations that may be used include com- 
mon base, cascade, and cascode. These amplifier cir- 
cuits may require different bias circuits and voltages or 
currents that shown or described in figure 8, and appro- 
priate changes to the circuitry may be made. 
[0123] DC power is provided to Q5 via two voltage 
sources, a voltagel and a voltage2. Voltage2 is provided 
to node 901 1 through a transistor 901 7 and resistance 
or impedance 901 9. A capacitor or capacitance 9021 is 
connected between voltage2 and the reference voltage. 
A base electrode of transistor 9017 is connected to a 
node 9023. A resistor 9025 is connected between 
voltagel and node 9023. Two diodes are connected be- 
tween node 9023 and the reference voltage. Although 
two diodes are shown, any number of diodes (for a volt- 
age drop) may be used to provide a bias voltage. More 
diodes will generally provide a greater voltage drop. 
[0124] In a specific embodiment, voltagel is about 
2.85 volts. Voltagel may be a relatively constant voltage 
provided to the multiple power mode amplifier circuit from 
a source such as a voltage regulator. As discussed pre- 
viously, one particular application of the circuitry is for 
battery-operated devices such as a mobile or cellular 
phone where power will be supplied by a battery. In such 
an application, the specific levels of one or more voltage 



sources may vary depending on battery conditions. 
When freshly charged, a battery typically provides a high- 
er voltage level output and depending on the specific 
battery technology or chemistry {e.g., nickel metal hy- 
dride, nickel cadmium, lithium ion, and lead acid), this 
voltage level gradually drops as the battery is drained. 
In a specific embodiment, voltage2 is a voltage source 
having a level depending on the battery state. For exam- 
ple, when the battery is fully charged, voltage2 may be 
4.2 volts, and when the battery is almost empty or com- 
pletely drained, voltage2 may be about 3.2 volts. The 
amplifier circuitry in figure 8 should operate properly un- 
der all voltage conditions of the battery. Typically, the 
worst case operating conditions are given when at the 
lowest voltage level seen during normal operation, which 
occurs when the battery is almost empty. 
[01 25] First impedance matching unit 1 30 is connected 
between node 9015 and node 72. In the implementation 
in figure 8, the first impedance matching unit includes a 
transmission line 9028 connected between node 9015 
and voltage2, a capacitor 9030 connected between 
voltage2 and the reference voltage, and a capacitor 9032 
connected between node 9015 and node 72. 
[0126] The transmission line may simply be a line or 
wire that can be modeled as a ladder network of series 
inductors and shunt capacitors. Characteristics of the 
transmission line depend on length and width of the line 
or wire, and these are design parameters. In an embod- 
iment, a transmission line is a line having an electrical 
line length 1/1 0 or greater of a guided wavelength within 
a medium. The wavelength typically changes depending 
on the specific medium. For example, a wavelength will 
be different if the medium is air versus a semiconductor. 
For a semiconductor medium and a 2 gigahertz signal, 
a transmission line may have a line length of about 10 
microns or more. A width of this line may be about 5 
microns or more. 

[0127] In another embodiment, a transmission line is 
a line having an electrical line length 1/20 or greater of a 
guided wavelength in a medium. In another embodiment, 
a transmission line is a line having an electrical line length 
1/30 or greater of a guided wavelength in a medium. In 
another embodiment, a transmission line is a line having 
an electrical line length 1/50 or greater of a guided wave- 
length in a medium. In another embodiment, a transmis- 
sion line is a line having an electrical line length 1/50 or 
greater of a guided wavelength in a medium. In another 
embodiment, a transmission line is a line having an elec- 
trical line length 1/100 or greater of a guided wavelength 
in a medium. 

[0128] Second impedance matching unit 140 is con- 
nected between node 72 and a node 74. In the imple- 
mentation in figure 8, the second impedance matching 
unit includes an inductor 9037 connected between node 
72 and the reference voltage, and a capacitor 9039 con- 
nected between node 72 and 74. An inductor in this circuit 
or any of the circuits of the invention may be implemented 
using any technique to provide an inductance device. 
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Some examples of inductance devices or implementa- 
tions of inductors include wire bonding, transmission line, 
microstrip line, strip line, coaxial cable, or coplanar 
waveguide. Any of these or combinations of these may 
be used to implement inductances in the invention, such 
as those indicated by the inductor symbol in the circuit 
diagrams. 

[0129] Impedance transformer circuit 1 70 is connected 
between node 72 and a node 76. In the implementation 
in figure 8, the impedance transformer circuit includes a 
capacitor 9042 connected between node 72 and a node 
9042, a capacitor 9046 connected between node 9044 
and the reference voltage, and an inductor 9048 is con- 
nected between node 9044 and node 76. 
[0130] Power stage 120 is connected between node 
74 and node 9116. Power stage is an amplifier circuit 
including a BJT transistor Q6 having its base connected 
to node 74, a collector connected to node 91 1 6, and an 
emitter connected to the reference voltage. Power stage 
120, like driver 100, is a common-emitter-type amplifier 
circuit. Other types of amplifier circuit configurations that 
may be used include common base, cascade, and cas- 
code. These amplifier circuits may require different bias 
circuits and voltages or currents that shown or described 
in figure 8, and appropriate changes to the circuitry may 
be made. Also, power stage 1 20 may be a different type 
of amplifier circuit from driver 100. 
[0131] The power stage may be turned on or off de- 
pending on a voltage at the voltage control node 9051 . 
Figure 8 shows a specific implementation of the applied 
voltage control circuit 90. Other circuits may be used that 
perform a similar function. The amplifier circuit will be in 
a low power mode when the voltage control node is at a 
first level (e.g., about a level of voltage 1 or 2.85 volts). 
The circuit will be in a high power mode when the voltage 
control node is at a second level (e.g., about a level of 
the reference voltage or ground or 0 volts). When in the 
low power mode, transistor Q6 will be in a high imped- 
ance mode and draw little current. When in the high pow- 
er mode, transistor Q6 will be operating and draw current 
to amplify its input signal. In an embodiment, in the high 
power mode, the power stage will provide from about 5 
to 15 decibels (dB) of gain. However, the exact is de- 
pendent on the transistor or device technology used and 
also on how the amplifier circuit is biased. Examples of 
other embodiments of the multiple mode amplifier imple- 
mented using other technologies such as CMOS and 
MESFET are discussed below. 
[0132] In operation, depending on the voltage level at 
node 9051, current from voltagel goes through node 
9103 and will pass either (a) through a transistor 9105 
to the reference voltage line or (b) through a transistor 
91 08 to node 74, the base of transistor Q6. When in the 
low power mode, node 9051 will be 2.85 volts, relatively 
little current passes through transistor 9108, compared 
to the path through transistor 9105, and the base of Q6 
will be at about the reference voltage or 0 volts so the 
power stage will be essentially off. When in the high pow- 



er mode, node 9051 will be at the reference voltage or 0 
volts, relatively little current passes through transistor 
91 05, compared to the path through transistor 91 08, and 
the base of Q6 will be at about 1 .0 volt and 1.4 volts so 

5 the power stage will be operating or on. 

[01 33] Third impedance matching unit 1 50 is connect- 
ed between node 9116 and 76. In the implementation in 
figure 8, the third impedance matching unit includes a 
transmission line 9072 connected between node 76 and 

10 voltage2 and a capacitor 9074 connected between 
voltage2 and the reference level. In a specific implemen- 
tation, capacitor 9074 is relatively large such as about 
100 picofarads. This capacitor provides an RF or virtual 
ground at voltage2 and also stabilizes voltage 2. A ca- 

15 pacitor 9119 is between node 9116 and the reference 
level. An inductor 9122 is connected between nodes 
91 16 and 76. 

[0134] Inductor 9122 may be formed on the same in- 
tegrated circuit as one or more other components in the 
20 MMIC box of figure 8. In a specific embodiment, inductor 
91 22 is formed using a wire bond line between node 91 1 6 
and components at node 76. Furthermore, inductor 91 22 
may be formed using a passive component such as an 
inductor coil. 

25 [0135] In an embodiment, components shown within 
the MMIC box are on-chip, which means they are includ- 
ed on a single integrated circuit such as the same sem- 
iconductor die or semiconductor body. By including as 
many components as possible on a single integrated cir- 

30 cuit, this reduces costs and reduces the amount of space 
required by the amplifier. This is especially important for 
portable electronics where consumers desire more com- 
pact form factors. In other embodiments, one or more of 
the components shown within in the MMIC box may be 

35 off-chip by using discrete components or on different in- 
tegrated circuits. For example, as discussed above, in- 
ductor 9122 may be off-chip. In another embodiment, 
input matching circuit 80 is off-chip. 
[0136] Fourth impedance matching unit 160 is con- 

40 nected between node 76 and an output signal node 240. 
In the implementation in figure 8, the fourth impedance 
matching unit includes a transmission line 9082 connect- 
ed between node 76 and a node 9084, a capacitor 9086 
connected between node 76 and the reference level, a 

45 capacitor 9088 connected between node 9084 and the 
reference level, and a capacitor 9090 connected between 
node 9084 and output signal 240. In an embodiment, 
capacitor 9086 is an optional capacitor and may be omit- 
ted in some embodiments of the invention. Furthermore, 

50 in some embodiments, this capacitor may be implement- 
ed using parasitic capacitance. Some examples of par- 
asitic capacitance include capacitance of a line or other 
conductor (e.g., long line length), capacitance of a tran- 
sistor gate, and capacitance at a node due to a number 

55 of devices or size of devices or components attached to 
that node. 

[0137] Figure 9 shows an alternative embodiment of 
the invention where driver 1 1 0 is a variable gain amplifier 
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(VGA). A gain control circuit 91 generates a signal to 
control a gain of the driver. The circuitry in figure 9 oper- 
ates similarly and provides the same benefits of the cir- 
cuitry in figure 5. However, the implementation in figure 
9 has the additional feature where the gain can be varied 5 
by using driver 110. 

[0138] This circuit configuration may be used when a 
particular application requires variable gain. This circuit 
may also be used in a fixed-gain application, in which 
case a gain of driver 1 1 0 is fixed. This allows the same io 
circuitry to be used in multiple applications, without the 
need to having different parts. Furthermore, wireless tel- 
ephone standards vary and different gains may be re- 
quired for different systems, so the variable gain version 
of the invention can be used to address the different sys- is 
tern specifications, without requiring a separate part for 
each standard. For example, arv amplifier of the invention 
may be programmed electrically, by fuses, laser cutting, 
programmable cells, or other techniques after fabrica- 
tion. 20 
[0139] Alternatively, in a fixed-gain application, driver 
1 1 0 may work as a predistorter circuit. A predistorter cir- 
cuit provides, overemphasis to compensate for gain roll 
off of the main stage amplifier. Generally as power goes 
up, gain of an amplifier rolls off. To compensate for this 25 
gain roll off in main stage 120, driver or predistorter circuit 
1 1 0 increases its gain as power goes up, so the total gain 
of the circuitry (amplifiers 1 1 0 and 1 20) will be more con- 
stant, increasing the linearity of the amplifier, especially 
in the high power region. Therefore, when using a pre- 30 
distorter 110, the circuitry will provide a fixed gain for a 
wider power range. 

[0140] Figure 9 provides a basic two-amplifier imple- 
mentation of the invention. The first stage can be either 
fixed gain or variable gain amplifier stage. In the latter 35 
case, it can be used as a predistorter. The basic concept 
is to bypass one or more stages in the multiple stage 
amplifiers to reduce the DC current consumption. For 
example, for N-stage amplifiers, Nth, (N- 1 )th, and so forth 
second stages can be bypassed using bypass sw'rtchi ng *o 
circuits without any switches. It is preferable to bypass 
later stages (Nth for example) since they consume more 
DC current. Voltage control circuitry 90 turns off the main 
stage when in the low power mode. Impedance transfor- 
mation network 1 70 works as a bypass circuit. The core 45 
idea is that this circuit does not include any costly switch- 
es but still functions as a bypass switching circuit, which 
is made possible by optimizing impedance matching net- 
works 1 , 2, 3, and 4. 

[01 41 ] In a specific implementation, the invention is an so 
integrated circuit having a first circuit branch, connected 
between a first node and a second node, where the first 
circuit branch has N amplifier stages in series, where N 
is an integer 0 or greater. There is a second circuit branch, 
connected between the second node and a third node, 55 
where the second circuit branch has M amplifier stages 
in series, where M is an integer 1 or greater. There is a 
third circuit branch, connected between the second node 



and the third node, where the third circuit branch has an 
impedance transformer unit. During a first mode of op- 
eration of the circuit, at least one amplifier stage of the 
M amplifier stages of the second branch is in an off state, 
consuming less power than in an on state, and a signal 
output from the N amplifier stages of the first branch pass- 
es substantially through the third circuit branch. During 
a second mode of operation of the circuit, the M amplifier 
stages of the second circuit branch are in the on state 
and a signal output from N amplifier stages of the first 
branch passes substantially through the second circuit 
branch. In operation, when N is 0 and M is 1 or greater, 
the bypassing circuit may bypass all the amplifier stages 
of the amplifier, meaning there is either amplification or 
no amplification. 

[0142] Figure 10 shows another alternative embodi- 
ment of the invention having two drivers and one power 
stage. Compared to the figure 5 implementation, this am- 
plifier circuit further includes a driver2 1 05, controlled by 
the voltage control circuit 90, and an impedance match- 
ing network 5 145, which are in between the impedance 
matching network 2 circuit 140 and main power stage 
120. Driverl 100 may have a fixed gain or may have a 
variable gain (or may be a predistorter), such as driver 
1 1 0 in figured. Note that for this configuration at a bypass 
node, node 72, there is an impedance matching network 
for each branch (i.e., impedance matching network 1 130, 
impedance matching network 2 140, and impedance 
transformation network 170). 

[01 43] Figure 1 1 shows a configuration where driverl 
1 1 0 is a variable gain amplifier, controlled by gain control 
circuitry 91 . Besides this difference, the circuitry operates 
similarly as that in figure 1 0. During the operation of this 
three-stage amplifier configuration, both third (last and 
main) and second stages may be bypassed so that only 
the first stage is turned on all the time. In this case, voltage 
control circuitry turns off the second and third stages 
when in the low power mode. 

[0144] The figure 10 circuit has a maximum of three 
gain stages, while the circuit in figure 5 has a maximum 
of two gain stages. The bypass path with impedance 
transformation network 170 bypasses both driver2 and 
the main power stage. When in the low power mode, both 
driver2 and main power stage will be off and draw minimal 
current. When in the high power mode, both driver2 and 
main power stage will be on and provide gain. 
[0145] Because there are more gain stages, typically 
the circuit in figure 10 has more gain than the circuit in 
figure 5. Further, because there are more individual stag- 
es in figure 1 0, there are more degrees of freedom in the 
design, which makes its design and utilization more flex- 
ible. This may make designing a multiple mode amplifier 
with certain technologies such gallium arsenide versus 
silicon. Gallium arsenide technology amplifiers typically 
provide greatergain, so typically fewer amplification stag- 
es are needed to obtain the same gain as with a tech- 
nology such as silicon. 

[01 46] Figure 1 2 shows another embodiment of an am- 
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plffier circuit This embodiment is similarto figure 1 0 there 
are three amplifiers stages to boost the gain. But the by- 
pass path with impedance transformation network by- 
passes only the main power stage, not the driver2 stage 
as in figure 10. 

[0147] This circuit provides less power savings than 
the one in figure 10 because only the main power stage 
will be bypassed instead of both driver2 and main power 
stages. 

[01 48] Figure 1 3 shows a more detailed circuit diagram 
of the amplifier circuit in figure 12. Details of each of the 
block of figure 1 2 are shown in boxes indicated by similar 
reference numbers. The details are similar as discussed 
above for figure 8, except for blocks 85 and 105. In this 
embodiment, the amplifier circuit in driver2 1 05 is similar 
to the amplifier circuit in main driver 120 but the sizes of 
the transistors may be smaller. However, as discussed 
above, other amplifier circuit designs and configurations 
may be used, and in any combination for the multiple 
mode amplifier. 

[0149] Figure 14 shows a similar amplifier circuit as 
figure 12, but driver 110 is a variable gain amplifier or 
predistorterto provide the benefits as discussed above. 
Figure 14 is based on the similar to the concept as de- 
scribed in figure 9, but the concept has been extended 
to three stages in figure 14. 

[0150] Figure 15 shows various different circuit ar- 
rangements for impedance matching network 1 block 1 30 
and impedance matching network 2 block 140. Any of 
these circuits may be substituted in corresponding block 
in the multiple mode amplifier circuits previously de- 
scribed including figures 5 and 8 to 14. 
[0151] For example, for configuration 15-1, block 130 
of the multiple mode amplifier circuit may be replaced by 
what is shown within box 1605, and block 140 may be 
replaced by what is shown within box 1607. This combi- 
nation of circuitry in 1605 and 1607 would provide the 
impedance matching networks 1 and 2 functionality, as 
discussed above. Other combinations of circuits are 
shown in configurations 1 5-2 to 1 5-8. Any of these alter- 
native embodiments of circuits may be used to form a 
multimode amplifier circuit of the present invention. Fig- 
ure 15 shows examples of the possible circuit combina- 
tions and is not meant to be exhaustive. Other combina- 
tions are possible. 

[0152] Figure 16 shows various different circuit ar- 
rangements for impedance matching network 3 block 1 50 
and impedance matching network 4 block 160. Any of 
these circuits may be substituted in corresponding block 
in the amplifier circuits in figure 5, and 8 to 14. 
[01 53] For example, for configuration 1 6-1 , block 1 50 
of the multiple mode amplifier circuit may be replaced by 
what is shown within box 1705, and block 160 may be 
replaced by what is shown within box 1707. This combi- 
nation of circuitry in 1705 and 1707 would provide the 
impedance matching networks 3 and 4 functionality, as 
discussed above. Other combinations of circuits are 
shown in configurations 1 6-2 to 1 6-9. Any of these alter- 



native embodiments of circuits may be used to form a 
multimode amplifier circuit of the present invention. Fig- 
ure 16 merely shows examples of the possible circuit 
combinations and is not meant to be exhaustive. Other 

5 combinations are possible. 

[0154] Figure 17 shows various different circuit ar- 
rangements for impedance transformation network block 
170. Any of these circuits may be substituted in corre- 
sponding block in the amplifier circuits in figure 5, and 8 

10 to 14. 

[01 55] For example, for configuration 17-1, block 1 70 
of the multiple mode amplifier circuit may be replaced by 
what is shown within box 1805. The circuitry in 1805 
would provide the impedance transformation network 

15 functionality, as discussed above. Other circuits are 
shown in configurations 17-2 to 17-8. Any of these alter- 
native embodiments of circuits may be used to form a 
multimode amplifier circuit of the present invention. Fig- 
ure 17 merely shows examples of the possible circuits 

20 and is not meant to be exhaustive. Other circuits are pos- 
sible. 

[01 56] Figure 1 8 shows a more detailed circuit diagram 
of figure 14. However, in the circuitry of figure 18, first 
impedance matching circuit 130 is omitted. Therefore, 

25 the impedance transformation network 1 70 is connected 
directly to driver stage amplifier Q5 at node 72. Also, 
impedance transformation network 1 70 is realized using 
a single inductor. The net effect is thus a reduction in 
component count, resulting in a reduced cost of the am- 

30 plifier module. 

[01 57] For implementing an amplifier according to pre- 
ferred embodiments of the invention, as the figure 1 8 
example shows, there is no need to use all the impedance 
matching networks, 130, 140, 150, and 160, to realize 

35 the concepts of the invention. By optimizing the other 
impedance matching networks 140, 150, 160, and im- 
pedance transformation network 1 70, one or more of the 
impedance matching networks can be eliminated. For 
example, in an implementation, impedance matching 

40 network 2 140 may be omitted. In another implementa- 
tion, impedance matching network 3 1 50 may be omitted. 
In another implementation, impedance matching network 
4 160 may be omitted. And in further embodiments, any 
combination of these impedance matching networks may 

45 be omitted. 

[0158] Figure 19 shows various different circuit ar- 
rangements for the voltage control circuitry 90. Any of 
these circuits may be substituted in corresponding block 
in the amplifier circuits in figure 5, and 8 to 14. 

50 [0159] For example, for configuration 19-1, block 90 
of the multiple mode amplifier circuit may be replaced by 
what is shown within box 1905. The circuitry in 1905 
would provide the voltage control circuitry functionality, 
as discussed above. Other circuits are shown in config- 

55 u rations 19-2 to 19-4. Any of these alternative embodi- 
ments of circuits may be used to form a multimode am- 
plifier circuit of the present invention. Figure 19 merely 
shows examples of the possible circuits and is not meant 
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to be exhaustive. Other circuits are possible. 
{01 60] Figure 20 shows a multiple mode amplifier cir- 
cuit of the invention implemented using CMOS technol- 
ogy. This is a two-stage implementation such as shown 
in figure 5. This figure shows merely an example of an 5 
embodiment of the invention, and other embodiments 
are possible. For example, any of the alternative circuit 
configurations for the circuitry shown in figures 15 to 17 
and 19 may be substituted for the blocks in figure 20. 
[0161] Figure 21 shows a multiple mode amplifier cir- w 
cuit of the invention implemented using CMOS technol- 
ogy. This is a three-stage implementation such as shown 
in figure 12. This figure shows merely an example of an 
embodiment of the invention, and other embodiments 
are possible. For example, any of the alternative circuit 15 
configurations for the circuitry shown in figures 15 to 17 
and 1 9 may be substituted for the blocks in figure 21 . 
[01 62] Figure 22 shows a multiple mode amplifier cir- 
cuit of an embodiment of the invention implemented us- 
ing MESFET technology. This is a two-stage implemen- 20 
tation such as shown in figure 5. This figure shows merely 
an example of an embodiment of the invention, and other 
embodiments are possible. For example, any of the al- 
ternative circuit configurations for the circuitry shown in 
figures 1 5 to 1 7 and 1 9 may be substituted for the blocks 25 
in figure 22. 

[01 63] Figure 23 shows a multiple mode amplifier cir- 
cuit of an embodiment of the invention implemented us- 
ing MESFET technology. This is a three-stage implemen- 
tation such as shown in figure 1 2. This figure shows mere- 30 
ly an example of an embodiment of the invention, and 
other embodiments are possible. For example, any of 
the alternative circuit configurations for the circuitry 
shown in figures 15 to 17 and 19 may be substituted for 
the blocks in figure 23. 35 
[01 64] Figure 24 shows an implementation of the am- 
plifier circuit of figure 5 with bias modulation circuitry. 
Figure 24 additionally shows a voltage control circuitry2 
95 for a bias modulation circuit. The bias modulation cir- 
cuit of this implementation is shown as a single block, *o 
but in other implementations, the circuitry may be divided 
among two or more blocks. A mode control voltage (not 
shown) is connected to voltage control circurtry2 95 to 
control operation of the circuitry. The voltage control 
circuitry2 95 is connected to driver 1 00 and power stage 
120. In operation, the mode control voltage controls the 
operation of voltage control circuitry2 95. Depending on 
the mode control voltage, the voltage control circuitry2 
95 will change biasing of driver 100 in order to alter it 
operating characteristics and place the power stage 1 20 so 
in an on state or an off state. 

[0165] In an embodiment, the mode control voltage 
and the voltage control circuitry2 95 is used to change 
the biasing of driver 100 to lower the power consumption 
of the driver 1 00 used to implement the amplifier. An am- 55 
plifier has various modes of operations or design such 
as class A, class AB, class B, and other classes. Full 
class A operation of an amplifier refers to a very linear 



transfer curve, but high power consumption because the 
output transistors draw current all the time, until the am- 
plifier starts to clip. Therefore, class A amplifier have low 
distortion but high power consumption, and consequently 
generate a lot of heat. A class B amplifier has zero stand- 
by current and starts consuming power when there is a 
signal. Although a class B amplifier has good power ef- 
ficiency, this type of amplifier typically has significant dis- 
tortion, especially when compared to a type A amplifier. 
[01 66] An amplifier may operate somewhere between 
class A and class B and will be known as a class AB 
amplifier. A class AB amplifier has current flow for more 
than half, but less than all, of the input cycle. In the in- 
vention, in the low power mode, the biasing of an ampli- 
fier, such as driver 1 00, may be changed so that the am- 
plifier will save additional power, but at the same time, 
provide a good output characteristic. Depending on the 
number of amplifiers in the circuitry, this technique of the 
invention may used to provide varying degrees of power 
consumption and gain or amplification. 
[01 67] For example, for the circuitry in figure 24, in the 
high power mode, the power stage 120 is on and the 
driver 1 00 is on. In the low power mode, the power stage 
1 20 is off and driver 100 is on. This is similar to the am- 
plifier circuit in figure 5. However, in figure 24, the voltage 
control circu'itry2 95 may additionally change (e.g., re- 
duce) the biasing of driver 100 to lower its power con- 
sumption, compared to that in figure 5. In other words, 
although driver 100 is on in both high and low power 
modes, driver 1 00 will have lower power consumption in 
the low power mode than it will have when in the high 
power mode. This provides additional power savings. 
This feature of the invention may be applied to any am- 
plifier of the circuitry to provide additional power savings. 
[0168] The bias modulation circuitry of embodiments 
of the invention may be added to all the power amplifier 
module configurations described in this patent, two- , 
three-, four-, and N-stage implementations. Figure 24 is 
provided as a simple example to explain the concepts of 
the invention, but similar circuitry and techniques may be 
applied to the other power amplifier module configura- 
tions. For example, bias modulation circuitry may be used 
in the power amplifier modules configuration in figures 
5, 8, 9, 10, 11, 12, 13, 14, 18, 20,21, 22, and 23. 
[0169] This voltage control circuitry2 95 for bias mod- 
ulation takes the mode control signal, and when in the 
low power mode, it reduces the bias current to the 
first-stage transistor. A difference between the voltage 
control circuitry 90 and this voltage control circuitry2 95 
for bias modulation is the fact that bias control modulation 
circuitry does not turn off the bias, but just reduces the 
bias supply in the low power mode. In this way, the bias 
supply to the first-stage transistor is reduced in the low 
power mode, maximizing the efficiency in the low power 
mode. The addition of this circuit allows further enhanced 
efficiencies in the low power mode. 
[0170] Figure 25 shows an embodiment of the 
three-stage amplifier configuration of figure 12 with am- 
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plifierbias modulation. In figure 12, the switch less switch- 
ing power amplifier turns off one or more of the stages 
when in the low power mode. For example, in the 
three-stage implementation of figure 12, voltage control 
circuitry 90 turns off the last stage (power stage 120) 
when in the lower power mode. In the figure 25 configu- 
ration, additional bias modulation circuitry is included in 
driver 2 105 so that reduced bias supply current (quies- 
cent current) to driver 2 can be applied in the low-power 
mode. In other words, in the lower power mode, the main 
transistor is turned off, and additionally, driver 2 transistor 
is biased at the reduced bias current level (such as class 
AB, but closer to class B). In this way, there is will be a 
further improvement in the low-power mode efficiency. 
[0171] Figures 26A and 26B further illustrate the re- 
duced bias supply concept of the invention. In figure 26A, 
the control signal (Vcntr) effectively turns on or off the 
main stage control circuit, reducing the overall power 
consumption when the main stage is off. In the scheme 
of figure 26B, the mode control signal (Vcntr) turns off 
the main stage transistor using a main stage bias control 
circuit 90. At the same time, it also reduces the bias cur- 
rent to the driver transistor using a driver stage control 
circuit 96. As noted above, the circuitry in block 95 may 
be divided into multiple blocks. For example, the main 
stage control circuit may be in a different block from driver 
stage control circuit 96. 

[01 72] Figure 27 shows a more detailed circuit diagram 
of a specific implementation of a bias modulation circuit 
scheme of figure 26B. Figure 27 shows the details of 
control circuitry in box 95. Box 95 has circuitry 90 as in 
figure 26A. Further, in box 95 is the bias modulation cir- 
cuitry discussed above, which reduces the bias voltage 
to the driver 2 transistor, reducing its power consumption 
in the low power mode further. There are two voltage 
levels, Vref and VCC, also labeled as constant voltagel 
and constant voltage2, respectively. In operation, de- 
pending the mode control voltage (Vcntr), the main tran- 
sistor driver will be on or off, and the driver2 transistor 
will be specific mode of operation, say a high bias or low 
bias mode, where the high bias mode provide more am- 
plification at the cost of higher power than in the low bias 
mode. In operation, when increasing a voltage Vcntr, a 
bias voltage at the driver2 will decrease. When decreas- 
ing a voltage Vcntr, a bias voltage at the driver2 will in- 
crease. Therefore, the bias voltage at driver2 has a neg- 
ative relationship with respect to Vcntr. However, in other 
implementations, the relationship between Vcntr and 
drive r2 may be positive, where an increase at Vcntr in- 
creases the bias voltage, and a decrease at Vcntr de- 
creases the bias voltage. Furthermore, the circuitry in 
figure 27 shows a common Vcntr signal used for both the 
box 90 and box 96 circuitry. In other implementations, 
these may be separate signals. 
[0173] Figure 28 shows four examples of the driver 
stage control circuitry. Configuration 28-1 has two resis- 
tors or impedances (besides an impedance connected 
to Vcntr) for fine tuning the driver2 bias. However, only 



one resistor or impedance (besides an impedance con- 
nected to Vcntr) may be needed such as configuration 
28-2 and 28-3. Another alternative isto use acombination 
of a resistor or impedance and one or more level shifting 

5 diodes such as in configuration 28-4. Generally, a greater 
number of diodes means there is a greater voltage or 
potential difference. Any of these configurations may be 
substituted for circuitry 96 in figure 27. 
[01 74] Figure 29A shows a voltage control circuit con- 

10 nected to an amplifier driver for altering its bias voltage. 
Figures 29B and 29C show graphs of how R1 or R2 can 
be used to fine tune the bias supply current to driver2 
transistor at the design stage. By using smaller R1 and 
R2 resistors during the design, the quiescent current of 

15 the driver2 stage transistor is reduced. The extreme case 
of this curves will be when R1 and R2 are 0, in which 
case, the driver2 stage is almost turned off as in the case 
of main-stage transistor in the low power mode (see the 
bias control circuit 90 of the main-stage transistor). 

20 [0175] Figure 30 shows a graph of the current variation 
versus the output power. The bias modulation concept 
allows further reduction in the overall bias current in the 
low power mode by reducing the driver2 bias current as 
well. It is worthwhile to note that the current reduction is 

25 more predominant in the real low-power region, which is 
advantageous in a specific application of improving the 
talk time a CDMA-based handset. In the graph, the solid 
line is for the power amplifier module (PAM) with bias 
modulation to reduce power consumption. The dotted 

30 line is for the power amplifier module with only switching 
(i.e., to turn the main amplifier off). 
[0176] Figure 31 shows a graph of the efficiency (PAE) 
versus the output power. Reduced current consumption 
translates into further improved efficiencies in the low 

35 power mode. In the graph, the solid line is for the power 
amplifier module with bias modulation to reduce power 
consumption. The dotted line is for the power amplifier 
module with only switching {i.e., to turn the main amplifier 
off). 

40 [0177] Figure 32 shows a graph of the ACPR versus 
the output power. By further reducing the bias current in 
the low power mode, compromised linearity is naturally 
expected. However, these results are still within the al- 
lowable limit. In other words, in this concept, we try to 

45 minimize the overall cu rrent consumption by compromis- 
ing the linearity more while still staying within the limit of 
system {e.g., a CDMA system). 
[01 78] Figure 33 shows a graph of the gain versus the 
output power. By further reducing the bias current in the 

50 low power mode, the bias to the driver 2 stage is almost 
close to class-B case rather than class-AB. It is natural 
and customary to see the gain expansion as the output 
power is increased in the class-B amplifiers. This graph 
clearly shows such a gain variation in the low power 

55 mode. The gain step can be about 2 dB when the overall 
quiescent current is reduced to 10 milliamps. The basic 
power amplifier configuration of the invention (without 
bias modulations) gives an overall quiescent current of 
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22 milliamps. 

[0179] The embodiments of the present invention have 
been described above for purposes of illustrating the 
present invention. It is not intended to be exhaustive or 
to limit the invention to the precise form described. Many 5 
modifications and variations are possible in light of the 
teaching above. Accordingly, the scope of the invention 
is defined by the appended claims. 
[0180] Attention is directed to all papers and docu- 
ments which are filed concurrently with or previous to this w 
specification in connection with this application and which 
are open to public inspection with this specification, and 
the contents of all such papers and documents are in- 
corporated herein by reference. 

[01 81 ] All of the features disclosed in this specification *5 
(including any accompanying claims, abstract and draw- 
ings), and/or all of the steps of any method or process 
so disclosed, may be combined in any combination, ex- 
cept combinations where at least some of such features 
and/or steps are mutually exclusive. 20 
[0182] Each feature disclosed in this specification (in- 
cluding any accompanying claims, abstract and draw- 
ings) may be replaced by alternative features serving the 
same, equivalent or similar purpose, unless expressly 
stated otherwise. Thus, unless expressly stated other- 25 
wise, each feature disclosed is one example only of a 
generic series of equivalent or similar features. 
[0183] The invention is not restricted to the details of 
the foregoing embodiment(s). The invention extends to 
any novel one, or any novel combination, of the features 30 
disclosed in this specification (including any accompa- 
nying claims, abstract and drawings), orto any novel one, 
or any novel combination, of the steps of any method or 
process so disclosed. 



Claims 

1 . An integrated circuit comprising: 

40 

a first circuit branch, coupled between a first 
node and a second node, comprising a first am- 
plifier stage; 

a second circuit branch, coupled between the 
second node and a third node, comprising a first ^ 
impedance matching unit and a second amplifier 
stage, coupled in series; and 
a third circuit branch, coupled between the sec- 
ond node and the third node, comprising an im- 
pedance transformer unit, 50 
wherein during a first mode of operation of the 
circuit, the second amplifier stage is in an off 
state, consuming less power than in an on state, 
and a signal output from the first amplifier stage 
passes substantially through the third circuit 55 
branch, and during a second mode of operation 
of the circuit, the second amplifier stage is in the 
on state and a signal output from the first ampli- 



fier stage passes substantially through the sec- 
ond circuit branch. 

2. The integrated circuit of claim 1 wherein the first am- 
plifier stage comprises a gain characteristic to com- 
pensate for non linearities in a gain characteristic of 
the second amplifier stage. 

3. The integrated circuit of claim 1 wherein a gain char- 
acteristic of the circuit, after passing through both 
the first amplifier stage and the second amplifier 
stage, is more linear than the gain characteristic of 
the second amplifier stage. 

4. The integrated circuit of claim 1 further comprising: 

a voltage control circuit coupled to the second 
amplifier stage, wherein the voltage control cir- 
cuit, in response to a mode control voltage, pro- 
vides a signal to the second amplifier stage to 
place the second amplifier stage in the on state 
or the off state. 

5. The integrated circuit of claim 1 further comprising: 

a voltage control circuit coupled to the first am- 
plifier stage and second amplifier stage, 
wherein the voltage control circuit, in response 
to a mode control voltage, provides a first signal 
to the first amplifier stage to adjust a bias of the 
first amplifier stage so during the first mode of 
operation the bias of the first amplifier stage is 
reduced compared to the bias of the first ampli- 
fier stage during the second mode of operation, 
and 

the voltage control circuit, in response to the 
mode control voltage, provides a second signal 
to the second amplifier stage to place the second 
amplifier stage in the on state or the off state. 

6. The integrated circuit of claim 1 further comprising: 

a voltage control circuit coupled to the first am- 
plifier stage and second amplifier stage, 
wherein the voltage control circuit, in response 
to a mode control voltage, provides a first signal 
to the first amplifier stage to adjust a bias current 
of the first amplifier stage so during the first mode 
of operation the bias current of the first amplifier 
stage is reduced compared to the bias current 
of the first amplifier stage during the second 
mode of operation, and 

the voltage control circuit, in response to the 
mode control voltage, provides a second signal 
to the second amplifier stage to place the second 
amplifier stage in the on state or the off state. 

7. An integrated circuit comprising: 
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a first circuit branch, coupled between a first 
node and a second node, comprising a first am- 
plifier stage and a second amplifier stage, cou- 
pled in series; 

a second circuit branch, coupled between the 5 
second node and a third node, comprising a first 
impedance matching unit and a third amplifier 
stage, coupled in series; and 
a third circuit branch, coupled between the sec- 
ond node and the third node, comprising an im- 10 
pedance transformer unit, 
wherein during a first mode of operation of the 
circuit, the third amplifier stage is in an off state, 
consuming less power than in an on state, and 
a signal output from the first amplifier stage 'is 
passes through the second amplifier stage and 
substantially through the third circuit branch, 
and 

during a second mode of operation of the am- 
plifier circuit, the third amplifier stage is in the on 20 
state and the signal output from the first amplifier 
stage passes through the second amplifier 
stage and substantially through the second cir- 
cuit branch. 

25 

8. The integrated circuit of claim 1 or claim 7 wherein 
a gain of the first amplifier stage is variable. 

9. The integrated circuit of claim 1 or claim 7 wherein 

a gain of the first amplifier stage is fixed. 30 

10. The integrated circuit of claim 1 or claim 7 wherein 
the first amplifier stage comprises a predistorter cir- 
cuit. 

35 

1 1 . The integrated circuit of claim 7 wherein the first am- 
plifier stage comprises a gain characteristic to com- 
pensate for n on linearities in gain characteristics of 
the second and third amplifier stage. 

40 

12. The integrated circuit of claim 7 wherein a gain char- 
acteristic of the circuit, after passing through each 
of the first amplifier stage, second amplifier stage, 
and third amplifier stage, is more linear than the gain 
characteristics of the third amplifier stage. *5 

13. The integrated circuit of claim 1 or claim 7 wherein 
the first circuit branch, second circuit branch, and 
third circuit branch are formed on a single semicon- 
ductor substrate. so 

14. The integrated circuit of claim 7 further comprising: 

a voltage control circuit coupled to the third am- 
plifier stage, wherein the voltage control circuit, 55 
in response to a mode control voltage, provides 
a control signal to the third amplifier stage to 
place the third amplifier stage in the on state or 



the off state 

15. The integrated circuit of claim 7 further comprising: 

a voltage control circuit coupled to the first am- 
plifier stage, second amplifier stage, and third 
amplifier stage, wherein the voltage control cir- 
cuit, in response to a mode control voltage, pro- 
vides a first signal to the first amplifier stage or 
the second amplifier stage to adjust a bias of the 
first amplifier stage orthe second amplifier stage 
so during the first mode of operation the bias of 
the first amplifier stage or the second amplifier 
stage is reduced compared to the bias of the 
first amplifier stage orthe second amplifier stage 
during the second mode of operation, and 
the voltage control circuit, in response to the 
mode control voltage, provides a second signal 
to the third amplifier stage to place the third am- 
plifier stage in the on state orthe off state. 

16. The integrated circuit of claim 7 further comprising: 

a voltage control circuit coupled to each of the 
first amplifier stage, second amplifier stage, and 
third amplifier stage, 

wherein the voltage control circuit, in response 
to a mode control voltage, provides a first signal 
to the first amplifier stage orthe second amplifier 
stage to adjust a bias current of the first amplifier 
stage or the second amplifier stage so during 
the first mode of operation the bias current of 
the first amplifier stage or the second amplifier 
stage is reduced compared to the bias current 
of the first amplifier stage orthe second amplifier 
stage during the second mode of operation, and 
the voltage control circuit, in response to the 
mode control voltage, provides a second signal 
to the third amplifier stage to place the third am- 
plifier stage in the on state orthe off state. 

17. An integrated circuit comprising: 

a first transistor coupled between an input node 
and a first node; 

a first circuit block coupled between the first 
node and a second node; 
a second circuit block coupled between the sec- 
ond node and a third node; 
a second transistor coupled between the third 
node and a fourth node; 
a third circuit block coupled between the fourth 
node and a fifth node; and ■ 
a fourth circuit block coupled between the sec- 
ond node and the fifth node, 
wherein in a first mode of operation, a signal 
provided at the input node passes through the 
first transistor, first circuit block, and fourth circuit 
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block, and 22. The Integrated circuit of claim 1 7 wherein the fourth 

in a second mode of operation, the signal pro- circuit block comprises: 
vided at the input node passes through the first 

transistor, first circuit block, second circuit block, an inductance device coupled between the sec- 
second transistor, and third circuit block. 5 0 nd node and the fifth node; and 

a capacitor coupled between the second node 

18. The integrated circuit of claim 21 wherein the fourth and the fifth node, wherein the inductance de- 
circuit block comprises: vice comprises at least one of an inductor, wire 

bonding, transmission line, microstrip line, strip 

an inductance device coupled between the sec- 10 line, coaxial cable, or coplanar waveguide: 
ond node and a sixth node; and a capacitorcou- 

pled between the sixth node and fifth node, 23. The integrated circuit of claim 17 wherein the fourth 
wherein the inductance device comprises at circuit block comprises: 
least one of an inductor, wire bonding, transmis- 
sion line, microstrip line, strip line, coaxial cable, 15 an inductance device coupled between the sec- 
or coplanar waveguide. ond node and the fifth node; 

a first capacitor coupled between the second 

1 9. The integrated circuit of claim 1 7 wherein the fourth node and a reference voltage level; and 
circuit block comprises: a second capacitor coupled between the fifth 

20 node and the reference voltage level, wherein 

a capacitor coupled between the second node the inductance device comprises at least one of 

and a sixth node; and an inductor, wire bonding, transmission line, 

an inductance device coupled between the sixth microstrip line, strip line, coaxial cable, or copla- 

node and the fifth node, wherein the inductance nar waveguide, 

device comprises at least one of an inductor, 25 

wire bonding, transmission line, microstrip line, 24. The integrated circuit of claim 17 wherein the fourth 

strip line, coaxial cable, or coplanar waveguide. circuit block comprises: 



20. The integrated circuit of claim 1 7 wherein the fourth 
circuit block comprises: 30 



wherein the inductance device comprises at least 
one of an inductor, wire bonding, transmission line, *o 
microstrip line, strip line, coaxial cable, or coplanar 
waveguide 

21. The integrated circuit of claim 21 wherein the fourth 
circuit block comprises: <*5 

an inductance device coupled between the sec- 
ond node and a sixth node; 
a first capacitor coupled between the sixth node 
and the fifth node; and so 
a second capacitor coupled between the sixth 
node and a reference voltage level, 

wherein the inductance device comprises at least 
one of an inductor, wire bonding, transmission line, 55 
microstrip line, strip line, coaxial cable, or coplanar 
waveguide. 



an inductance device, coupled between the sec- 
ond node and the fifth node, 

wherein the inductance device comprises at least 
one of an inductor, wire bonding, transmission line, 
microstrip line, strip line, coaxial cable, or coplanar 
waveguide. 

25. The integrated circuit of claim 17 wherein the third 
circuit block comprises: 

an inductance device coupled between the 
fourth node and the fifth node; and 
a capacitor coupled between the fourth node 
and a reference voltage level, 

wherein the inductance device comprises at least 
one of an inductor, wire bonding, transmission line, 
microstrip line, strip line, coaxial cable, or coplanar 
waveguide. 

26. The integrated circuit of claim 17 wherein the third 
circuit block comprises: 

a first capacitor co up led between the fourth node 
and a reference voltage level; 
a first inductance device coupled between the 
fourth node and the reference voltage level; and 
a second inductance device coupled between 
the fourth node and the fifth node, 



a first capacitor coupled between the second 
node and a sixth node; 

an inductance device coupled between the sixth 
node and the fifth node; and a second capacitor 35 
coupled between the sixth node and a reference 
voltage level, 
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wherein the first inductance device comprises at 
least one of an inductor, wire bonding, transmission 
line, microstrip line, strip line, coaxial cable, or co- 
planar waveguide, and the second inductance de- 
vice comprises at least one of an inductor, wire bond- 
ing, transmission line, microstrip line, strip line, co- 
axial cable, or coplanar waveguide. 

27. The integrated circuit of claim 17 wherein the third 
circuit block comprises: 

a first inductance device coupled between the 
fourth node and a reference voltage level; 
afi rstcapacitorcoupled between thefourth node 
and the reference voltage level; 
a second inductance device coupled between 
the fourth node and the fifth node; and 
a second capacitor coupled between the fifth 
node and the reference voltage level, wherein 
the first inductance device comprises at least 
one of an inductor, wire bonding, transmission 
line, microstrip line, strip line, coaxial cable, or 
coplanar waveguide, and the second induct- 
ance device comprises at least one of an induc- 
tor, wire bonding, transmission line, microstrip 
line, strip line, coaxial cable, or coplanar 
waveguide. 

28. The integrated circuit of claim 17 wherein the third 
circuit block comprises: 

a first inductance device coupled between the 
fourth node and a reference voltage level; 
a second inductance device coupled between 
the fourth node and the fifth node; and 
a first capacitor coupled between the fifth node 
and the reference voltage level, 

wherein the first inductance device comprises at 
least one of an inductor, wire bonding, transmission 
line, microstrip line, strip line, coaxial cable, or co- 
planar waveguide, and the second inductance de- 
vice comprises at least one of an inductor, wire bond- 
ing, transmission line, microstrip line, strip line, co- 
axial cable, or coplanar waveguide. 

29. The integrated circuit of claim 17 wherein the third 
circuit block comprises: 

a first capacitor coupled between the fourth node 
and a reference voltage level; 
a first inductance device coupled between the 
fourth node and the fifth node; and 
a second inductance device coupled between 
the fifth node and the reference voltage level, 
wherein the first inductance device comprises 
at least one of an inductor, wire bonding, trans- 
mission line, microstrip line, strip line, coaxial 



cable, or coplanar waveguide, and the second 
inductance device comprises at least one of an 
inductor, wire bonding, transmission line, micro- 
strip line, strip line, coaxial cable, or coplanar 
5 waveguide. 

30. The integrated circuit of claim 1 7 wherein the first 
circuit block comprises a first capacitor coupled be- 
tween the first node and a second node, and wherein 

10 the second circuit block comprises a second capac- 
itor coupled between the second node and a third 
node. 

31. The integrated circuit of claim 17 wherein the first 
is circuit block comprises no passive elements coupled 

between the first node and a second node, and the 
second circuit block comprises a second capacitor 
coupled between the second node and a third node. 

20 32. The integrated circuit of claim 30 wherein the first 
circuit block further comprises an inductance device 
and a third capacitor, in series, coupled between the 
first node and a reference voltage level,. wherein the 
inductance device comprises at least one of an in- 

25 ductor, wire bonding, transmission line, microstrip 
line, strip line, coaxial cable, or coplanar waveguide. 

33. The integrated circuit of claim 32 wherein the induct- 
ance device is further coupled to a supply voltage 

30 level. 

34. The integrated circuit of claim 30 wherein the second 
circuit block further comprises an inductance device 
coupled between the second node and a reference 

35 voltage level, wherein the inductance device com- 
prises at least one of an inductor, wire bonding, trans- 
mission line, microstrip line, strip line, coaxial cable, 
or coplanar waveguide. 

40 35. The integrated circuit of claim 32 wherein the second 
circuit block further comprises an inductance device 
coupled between the second node and the reference 
voltage level. 

^5 36. The integrated circuit of claim 30 wherein the second 
circuit block further comprises an inductance device 
coupled between the third node and a reference volt- 
age level, wherein the inductance device comprises 
at least one of an inductor, wire bonding, transmis- 

50 sion line, microstrip line, strip line, coaxial cable, or 
coplanar waveguide. 

37. The integrated circuit of claim 30 wherein the second 
circuit block further comprises a third capacitor cou- 

55 pied between the second node and a reference volt- 
age level. 

38. The integrated circuit of claim 17 wherein the first 
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circuit block comprises an inductance device cou- 
pled between the first node and a reference voltage 
level, wherein the inductance device comprises at 
least one of an inductor, wire bonding, transmission 
line, microstrip line, strip line, coaxial cable, orco- 5 
planar waveguide. 

39. The integrated circuit of claim 1 7 wherein the second 
circuit block comprises: 

10 

a first capacitor coupled between the second 
node and a sixth node; 

an inductance device coupled between the sixth 
node and a reference voltage level; and 
a second capacitor coupled between the sixth is 
node and the third node, wherein the inductance 
device comprises at least one of an inductor, 
wire bonding, transmission line, microstrip line, 
strip line, coaxial cable, or coplanar waveguide. 

20 

40. The integrated circuit of claim 1 7 further comprising: 

a voltage control circuit coupled to the second 
transistor, wherein the voltage control circuit, in 
response to a mode control voltage, provides a 25 
control signal to the second transistor to place 
the second transistor in an on state or an off 
state. 

41 . The integrated circuit of claim 40 wherein the voltage 30 
control circuit comprises a third transistor coupled 
between the second transistor and a reference volt- 
age level, wherein an electrode of the third transistor 

is coupled to a voltage control line. 

35 

42. The integrated circuit of claim 40 wherein the voltage 
control circuit comprises a third transistor coupled 
between the second transistor and a reference volt- 
age level and a fourth transistor coupled between a 
supply voltage line and a reference voltage level, 40 
wherein an electrode of the third transistor is con- 
nected to the coupled point of the fourth transistor 
toward the supply voltage line and an electrode of 

the fourth transistor is coupled to a voltage control 
line. 45 

43. The integrated circuit of claim 40 wherein the voltage 
control circuit comprises a third transistor coupled 
between the second transistor and a reference volt- 
age level and a fourth transistor coupled between a so 
supply voltage line and an electrode of the third tran- 
sistor, wherein an electrode of the third transistor is 
coupled to the fourth transistor and an electrode of 

the fourth transistor is coupled to a voltage control 
line. 55 

44. The integrated circuit of claim 1 7 further comprising: 
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a voltage control circuit coupled to the first tran- 
sistor, wherein the voltage control circuit, in re- 
sponse to the mode control voltage, provides a 
signal to the first transistor to adjust a bias of the 
first transistor so during the first mode of oper- 
ation the bias of the first transistor is reduced 
compared to the bias of the first transistor during 
the second mode of operation. 

45. The integrated circuit of claim 44 wherein the voltage 
control circuit comprises a third transistor coupled to 
the first transistor through a resistance and coupled 
to a reference voltage level through a resistance, 
wherein an electrode of the third transistor is coupled 
to a voltage control line. 

46. The integrated circuit of claim 44 wherein the voltage 
control circuit comprises a third transistor coupled to 
the first transistor and coupled to a reference voltage 
level through a resistance, wherein an electrode of 
the third transistor is coupled to a voltage control line. 

47. The integrated circuit of claim 44 wherein the voltage 
control circuit comprises a third transistor coupled.to 
the first transistor through a resistance and coupled 
to a reference voltage level, wherein an electrode of 
the third transistor is coupled to a voltage control line. 

48. The integrated circuit of claim 44 wherein the voltage 
control circuit comprises: 

a third transistor; 
a resistance; and 

one or more level shifting diodes, connected in 

series with the resistance, 

wherein the resistance and the one or more level 

shifting diodes are coupled in series to the first 

transistor, 

the third transistor is coupled to the resistance 
and the one or more level shifting diodes and 
coupled to a reference voltage level, and 
an electrode of the third transistor is coupled to 
a voltage control line. 

49. The integrated circuit of claim 21 wherein the first 
transistor or the second transistor is a bipolar junc- 
tion transistor, a heterojunction bipolar transistor, a 
field effect transistor, a complementary metal-oxide 
semiconductor transistor, a metal-oxide semicon- 
ductor transistor, p-type metal-oxide semiconductor 
transistor, n-type metal-oxide semiconductor tran- 
sistor, a high electron mobility transistor, or a metal 
semiconductor field effect transistor. 

50. An integrated circuit comprising: 

a first transistor coupled between an input node 
and a first node; 
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a matching circuit block coupled between the 
first node and a second node; the second tran- 
sistor coupled between the second node and a 
third node; 

a first circuit block coupled between the third 5 

node and a fourth node; 

a second circuit block coupled between the 

fourth node and a fifth node; 

a third transistor coupled between the fifth node 

and a sixth node; »o 

a third circuit block coupled between the sixth 

node and a seventh node; and 

a fourth circuit block coupled between the fourth 

node and the seventh node, 

15 

wherein in afirst mode of operation, a signal provided 
at the input node passes through the first transistor, 
matching circuit block, second transistor, first circuit 
block, and fourth circuit block, and 
in a second mode of operation, a signal provided at 20 
the input node passes through the first transistor, 
matching circuit block, second transistor, first circuit 
block, second circuit block, third transistor, third cir- 
cuit block. 

25 

51. The integrated circuit of claim 50 wherein the fourth 
circuit block comprises: 

an inductance device coupled between the 
fourth node and a eighth node; and 30 
a capacitor coupled between the eighth node 
and seventh node, wherein the inductance de- 
vice comprises at least one of an inductor, wire 
bonding, transmission line, microstrip line, strip 
line, coaxial cable, or coplanar waveguide. 35 

52. The integrated circuit of claim 50 wherein the fourth 
circuit block comprises: 



wherein the inductance device comprises at least <5 
one of an inductor, wire bonding, transmission line, 
microstrip line, strip line, coaxial cable, or coplanar 
waveguide. 

53. The integrated circuit of claim 50 wherein the fourth so 
circuit block comprises: 



inductance device comprises at least one of an 
inductor, wire bonding, transmission line, micro- 
strip line, strip line, coaxial cable, or coplanar 
waveguide. 

54. The integrated circuit of claim 50 wherein the fourth 
circuit block comprises: 

an inductance device coupled between the 
fourth node and a eighth node; 
a first capacitor coupled between the eighth 
node and the seventh node; and 
a second capacitor coupled between the eighth 
node and a reference voltage level, wherein the 
inductance device comprises at least one of an 
inductor, wire bonding, transmission line, micro- 
strip line, strip line, coaxial cable, or coplanar 
waveguide. 

55. The integrated circuit of claim 50 wherein the fourth 
circuit block comprises: 

an inductance device coupled between the 
fourth node and the seventh node; and 
a capacitor coupled between the fourth node 
and the seventh node, wherein the inductance 
device comprises at least one of an inductor, 
wire bonding, transmission line, microstrip line, 
strip line, coaxial cable, or coplanar waveguide. 

56. The integrated circuit of claim 50 wherein the fourth 
circuit block comprises: 

an inductance device coupled between the 
fourth node and the seventh node; 
afirst capacitor co up led between the fourth node 
and a reference voltage level; and 
a second capacitor coupled between the sev- 
enth node and the reference voltage level, 
wherein the inductance device comprises at 
least one of an inductor, wire bonding, transmis- 
sion line, microstrip line, strip line, coaxial cable, 
or coplanar waveguide. 

57. The integrated circuit of claim 50 wherein the fourth 
circuit block comprises: 

an inductance device, coupled between the sec- 
ond node and the fifth node, 

wherein the inductance device comprises at least 
one of an inductor, wire bonding, transmission line, 
microstrip line, strip line, coaxial cable, or coplanar 
waveguide. 

58. The integrated circuit of claim 50 wherein the third 
circuit block comprises: 



a first capacitor coupled between the fourth node 
and a eighth node; 

an inductance device coupled between the 55 
eighth node and the seventh node; and 
a second capacitor coupled between the eighth 
node and a reference voltage level, wherein the 
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a capacitor coupled between the fourth node *o 
and a eighth node; and 

an inductance device coupled between the 
eighth node and the seventh node, 
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an inductance device coupled between the sixth 
node and the seventh node; and 
a capacitor coupled between the sixth node and 
a reference voltage level, wherein the induct- 
ance device comprises at least one of an induc- 
tor, wire bonding, transmission line, microstrip 
line, strip line, coaxial cable, or coplanar 
waveguide 

59. The integrated circuit of claim 50 wherein the third 
circuit block comprises: 

a first capacitor coupled between the sixth node 
and a reference voltage level; 
a first inductance device coupled between the 
sixth node and the reference voltage level; and 
a second inductance device coupled between 
the sixth node and the seventh node, wherein 
the first inductance device comprises at least 
one of an inductor, wire bonding, transmission 
line, microstrip line, strip line, coaxial cable, or 
coplanar waveguide, and the second induct- 
ance device comprises at least one of an induc- 
tor, wire bonding, transmission line, microstrip 
line, strip line, coaxial cable, or coplanar 
waveguide. 

60. The integrated circuit of claim 50 wherein the third 
circuit block comprises: 

a first inductance device coupled between the 
sixth node and a reference voltage level; 
a first capacitor coupled between the sixth node 
and the reference voltage level; 
a second inductance device coupled between 
the sixth node and the seventh node; and 
a second capacitor coupled between the sev- 
enth node and the reference voltage level, 
wherein the first inductance device comprises 
at least one of an inductor, wire bonding, trans- 
mission line, microstrip line, strip line, coaxial 
cable, or coplanar waveguide, and the second 
inductance device comprises at least one of an 
inductor, wire bonding, transmission line, micro- 
strip line, strip line, coaxial cable, or coplanar 
waveguide. 

61. The integrated circuit of claim 50 wherein the third 
circuit block comprises: 

a first inductance device coupled between the 
sixth node and the reference voltage level; 
a second inductance device coupled between 
the sixth node and the seventh node; and 
a first capacitor coupled between the seventh 
node and the reference voltage level, wherein 
the first inductance device comprises at least 
one of an inductor, wire bonding, transmission 



line, microstrip line, strip line, coaxial cable, or 
coplanar waveguide, and the second induct- 
ance device comprises at least one of an induc- 
tor, wire bonding, transmission line, microstrip 
5 line, strip line, coaxial cable, or coplanar 

waveguide. 

62. The integrated circuit of claim 50 wherein the third 
circuit block comprises: 

10 

a first capacitor coupled between the sixth node 
and a reference voltage level; 
a first inductance device coupled between the 
sixth node and the seventh node; and 

15 a second inductance device coupled between 

the seventh node and the reference voltage lev- 
el, wherein the first inductance device compris- 
es at least one of an inductor, wire bonding, 
transmission line, microstrip line, strip line, co- 

20 axial cable, or coplanar waveguide, and the sec- 

ond inductance device comprises at least one 
of an inductor, wire bonding, transmission line, 
microstrip line, strip line, coaxial cable, or copla- 
nar waveguide. 

25 

63. The integrated circuit of claim 50 wherein the first 
circuit block comprises a first capacitor coupled be- 
tween the third node and a fourth node, and the sec- 
ond circuit block comprises a second capacitor cou- 

30 pled between the fourth node and a fifth node. 

64. The integrated circuit of claim 50 wherein the first 
circuit block comprises no passive elements coupled 
between the third node and a fourth node, and the 

35 second circuit block comprises a second capacitor 
coupled between the fourth node and a fifth node. 

65. The integrated circuit of claim 63 wherein the first 
circuit block further comprises an inductance device 

40 and a third capacitor, in series, coupled between the 
third node and a reference voltage level, wherein the 
inductance device comprises at least one of an in- 
ductor, wire bonding, transmission line, microstrip 
line, strip line, coaxial cable, or coplanar waveguide. 

45 

66. The integrated circuit of claim 65 wherein the induct- 
ance device is further coupled to a supply voltage 
level. 

50 67. The integrated circuit of claim 63 where in the second 
circuit block further comprises an inductance device 
coupled between the fourth node and a reference 
voltage level, wherein the inductance device com- 
prises at least one of an inductor, wire bonding, trans- 

55 mission line, microstrip line, strip line, coaxial cable, 
or coplanar waveguide. 

68. The integrated circuit of claim 65 wherein the second 
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circuit block further comprises an inductance device 
coupled between the fourth node and the reference 
voltage level. 

69. The integrated circuit of claim 63 wherein the second 5 
circuit block further comprises an inductance device 
coupled between the fifth node and a reference volt- 
age level, wherein the inductance device comprises 

at least one of an inductor, wire bonding, transmis- 
sion line, microstrip line, strip line, coaxial cable, or w 
coplanar waveguide. 

70. The integrated circuit of claim 63 wherein the second 
circuit block further comprises a third capacitor cou- 
pled between the fourth node and a reference volt- 15 
age level. 

71. The integrated circuit of claim 50 wherein the first 
circuit block comprises an inductance device cou- 
pled between the third node and a reference voltage 20 
level, wherein the inductance device comprises at 
least one of an inductor, wire bonding, transmission 
line, microstrip line, strip line, coaxial cable, or co- 
planar waveguide. 

25 

72. The integrated circuit of claim 50 wherein the second 
-circuit block comprises: 

a first capacitorcoupled between the fourth node 
and a eighth node; an inductance device cou- 30 
pled between the eighth node and a reference 
voltage level; and 

a second capacitor coupled between the eighth 
node and the fifth node, wherein the inductance 
device comprises at least one of an inductor, 35 
wire bonding, transmission line, microstrip line, 
strip line, coaxial cable, or coplanar waveguide. 

73. The integrated circuit of claim 56 further comprising: 

40 

a voltage control circuit coupled to the third tran- 
sistor, wherein the voltage control circuit, in re- 
sponse to a mode control voltage, provides a 
control signal to the third transistor to place the 
third transistor in the on state or the off state. 

74. The integrated circuit of claim 73 wherein the voltage 
control circuit comprises a fourth transistor coupled 
between the third transistor and a reference voltage 
level, wherein an electrode of the fourth transistor is so 
coupled to a voltage control line. 

75. The integrated circuit of claim 73 wherein the voltage 
control circuit comprises: 

55 

a fourth transistor, coupled between the third 
transistor and a reference voltage level; and 
a fifth transistor, coupled between a supply volt- 



age line and a reference voltage level, 
wherein an electrode of the fourth transistor is 
connected to a point coupling the fifth transistor 
and the supply voltage line, and 
an electrode of the fifth transistor is coupled to 
a voltage control line. 

76. The integrated circuit of claim 73 wherein the vottage 
control circuit comprises: 

a fourth transistor, coupled between the third 
transistor and a reference voltage level; and 
a fifth transistor, coupled between a supply volt- 
age line and an electrode of the fourth transistor, 
wherein an electrode of the fifth transistor is cou- 
pled to a voltage control line. 

77. The integrated circuit of claim 50 further comprising: 

a voltage control circuit coupled to the first tran- 
sistor or the second transistor, wherein the volt- 
age control circuit, in response to a mode control 
voltage, provides a signal to the first transistor 
or the second transistor to adjust a bias of the 
first transistor or the second transistor so during 
the first mode of operation the bias of the first 
transistor or the second transistor is reduced 
compared to the bias of the first transistor or the 
second transistor during the second mode of op- 
eration. 

78. The integrated circuit of claim 77 wherein the voltage 
control circuit comprises a fourth transistor coupled 
to the first transistor or the second transistor through 
a resistance and coupled to a reference voltage level 
through a resistance, wherein an electrode of the 
fourth transistor is coupled to a voltage control line. 

79. The integrated circuit of claim 77 wherein the voltage 
control circuit comprises a fourth transistor coupled 
to the first transistor or the second transistor and 
coupled to a reference voltage level through a resist- 
ance, wherein an electrode of the fourth transistor is 
coupled to a voltage control line. 

80. The integrated circuit of claim 77 wherein the voltage 
control circuit comprises a fourth transistor, coupled 
to the first transistor or the second transistor through 
a resistance and coupled to a reference voltage lev- 
el, wherein an electrode of the fourth transistor is 
coupled to a voltage control line. 

81 . The integrated circuit of claim 77 wherein the voltage 
control circuit comprises: 

a fourth transistor; 
a resistance; and 

one or more level shifting diodes, connected in 
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series with the resistance, 

wherein the resistance and the one or more level 
shifting diodes, in series, are coupled to the first tran- 
sistor or the second transistor, 
the fourth transistor is coupled to the resistance and 
the one or more level shifting diodes and coupled to 
a reference voltage level, 

and an electrode of the fourth transistor is coupled 
to a voltage control line. 

82. The integrated circuit of claim 50 wherein the first 
transistor, second transistor, or third transistor is a 
bipolar junction transistor, a heterojunction bipolar 
transistor, a field effect transistor, a complementary 
metal-oxide semiconductor transistor, a metal -oxide 
semiconductor transistor, a p-type metal-oxide sem- 
iconductor transistor, a n-type metal-oxide semicon- 
ductor transistor, a high electron mobility transistor, 
or a metal semiconductor field effect transistor. 

83. An integrated circuit comprising: 

a first circuit branch, coupled between a first 
node and a second node, comprising N amplifier 
stages in series, wherein N is an integer 0 or 
greater, 

a second circuit branch, coupled between the 
second node and a third node, comprising M 
amplifier stages in series, wherein M is an inte- 
ger 1 or greater; and 

a third circuit branch, coupled between the sec- 
ond node and the third node, comprising an im- 
pedance transformer unit, 

wherein during a first mode of operation of 
the circuit, at least one amplifier stage of the 
M amplifier stages of the second branch is 
in an off state, consuming less power than 
in an on state, and a signal output from the 
N amplifier stages of the first branch passes 
substantially through the third circuit 
branch, and 

during a second mode of operation of the circuit, 
the M amplifier stages of the second circuit 
branch are in the on state and a signal output 
from N amplifier stages of the first branch passes 
substantially through the second circuit branch. 

84. The integrated circuit of claim 83 wherein a gain of 
at least one amplifier stage of the N amplifier stages 
of the first branch is variable. 

85. The integrated circuit of claim 83 wherein a gain of 
at least one amplifier stage of the N amplifier stages 
of the first branch is fixed. 



86. The integrated circuit of claim 83 wherein at least 
one amplifier stage of the N amplifier stages of the 
first branch comprises a predistorter circuit. 

s 87. The integrated circuit of claim 83 wherein at least 
one amplifier stage of the N amplifier stages of the 
first branch comprises a gain characteristic to com- 
pensate for non linearities in a gain characteristic of 
at least one amplifier stage of M amplifier stages of 

10 the second branch. 

88. The integrated circuit of claim 83 wherein a gain char- 
acteristic of the circuit, after passing through both 
the first branch and the second branch, is more linear 

15 than the gain characteristic of the second branch. 

89. The integrated circuit of claim 83 wherein the first 
circuit branch, second circuit branch, and third circuit 
branch are formed on a single semiconductor sub- 

20 strate. 

90. The integrated circuit of claim 87 further comprising: 

a voltage control coupled to the least one am- 
25 plifier stage of the M amplifier stages of the sec- 

ond branch, wherein the voltage control circuit, 
in response to a mode control voltage, provides 
a control signal to the least one amplifier stage 
of the M amplifier stages of the second branch 
30 to place the least one amplifier stage of the M 

amplifier stages of the second branch in an on 
state or an off state. 

91 . The integrated circuit of claim 83 further comprising: 

35 

a voltage control circuit coupled to at least one 
amplifier stage of the N amplifier stages of the 
first branch and the at least one amplifier stage 
of the M amplifier stages of the second branch, 

40 

wherein the voltage control circuit, in response to a 
mode control voltage, provides a first signal to the 
at least one amplifier stage of the N amplifier stages 
of the first branch to adjust a bias of the at least one 

45 amplifier stage of the N amplifier stages of the first 
branch so during the first mode of operation the bias 
of the at least one amplifier stage of the N amplifier 
stages of the first branch is reduced compared to the 
bias of the at least one amplifier stage of the N am- 

50 pnfier stages of the first branch during the second 
mode of operation, and 

the voltage control circuit, in response to the mode 
control voltage, provides a second signal to the at 
least one amplifier stage of the M amplifier stages 
55 of the second branch to place the at least one am- 
plifier stage of the M amplifier stages of the second 
branch in the on state or the off state. 
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92. The integrated circuit of claim 83 further comprising: 

a voltage control circuit coupled to at least one 
amplifier stage of the N amplifier stages of the 
first branch and the at least one amplifier stage 
of the M amplifier stages of the second branch, 
wherein the voltage control circuit, in response 
to a mode control voltage, provides a first signal 
to the at least one amplifier stage of the N am- 
plifier stages of the first branch to adjust a bias 
current of the at least one amplifier stage of the 
N amplifier stages of the first branch so during 
the first mode of operation the bias current of 
the at least one amplifier stage of the N amplifier 
stages of the first branch is reduced compared 
to the bias current of the at least one amplifier 
stage of the N amplifier stages of the first branch 
during the second mode of operation, and 
the voltage control circuit, in response to the 
mode control voltage, provides a second signal 
to the at least one amplifier stage of the M am- 
plifier stages of the second branch to place the 
at least one amplifier stage of the M amplifier 
stages of the second branch in the on state or 
the off state. 

93. The integrated circuit of claim 90 wherein the voltage 
control circuit comprises a transistor coupled be- 
tween the least one amplifier stage of the M amplifier 
stages of the second branch and a reference voltage 
level, wherein an electrode of the transistor is cou- 
pled to a voltage control line. 

94. The integrated circuit of claim 90 wherein the voltage 
control circuit comprises a transistor coupled be- 
tween the least one amplifier stage of the M amplifier 
stages of the second branch and a reference voltage 
level and another transistor coupled between a sup- 
ply voltage line and a reference voltage level, where- 
in an electrode of the former transistor is connected 
to the coupled point of the latter transistor toward the 
supply voltage line and an electrode of the latter tran- 
sistor is coupled to a voltage control line. 

95. The integrated circuit of claim 90 wherein the voltage 
control circuit comprises a transistor coupled be- 
tween the least one amplifier stage of the M amplifier 
stages of the second branch and a reference voltage 
level and another transistor coupled between a sup- 
ply voltage line and an electrode of the former tran- 
sistor, wherein an electrode of the former transistor 
is coupled to the latter transistor and an electrode of 
the latter transistor is coupled to a voltage control 
line. 

96. The integrated circuit of claim 83 further comprising 

a voltage control circuit coupled to the least one 



amplifier stage of the N amplifier stages of the 
first branch, wherein the voltage control circuit, 
in response to the mode control voltage, pro- 
vides a signal to the least one amplifier stage of 

5 t he N amplifier stages of the first branch to adjust 

a bias of the least one amplifier stage of the N 
amplifier stages of the first branch so during the 
first mode of operation the bias of the least one 
amplifier stage of the N amplifier stages of the 

10 first branch is reduced compared to the bias of 

the least one amplifier stage of the N amplifier 
stages of the first branch during the second 
mode of operation. 

15 97. The integrated circuit of claim 93 wherein the voltage 
control circuit comprises a transistor coupled to the 
least one amplifier stage of the N amplifier stages of 
the first branch through a resistance and coupled to 
a reference voltage level through a resistance, 

20 wherein an electrode of the third transistor is coupled 
to a voltage control line. 

98. The integrated circuit of claim 96 wherein the voltage 
control circuit comprises a transistor coupled to the 
25 least one amplifier stage of the N amplifier stages of 
the first branch and coupled to a reference voltage 
level through a resistance, wherein an electrode of 
the transistor is coupled to a voltage control line. 

30 99. The integrated circuit of claim 96 wherein the voltage 
control circuit comprises a transistor coupled to the 
least one amplifier stage of the N amplifier stages of 
the first branch through a resistance and coupled to 
a reference voltage level, wherein an electrode of 
35 the transistor is coupled to a voltage control line. 

1 0O.The integrated circuit of claim 96 wherein the voltage 
control circuit comprises: 

to a transistor; 

a resistance; and 

one or more level shifting diodes, connected in 
series with the resistance, 
wherein the resistance and the one or more level 
45 shifting diodes are coupled in series to the least 

one amplifier stage of the N amplifier stages of 
the first branch, 

the transistor is coupled to the resistance and 
the one or more level shifting diodes and cou- 
50 pied to a reference voltage level, and 

an electrode of the transistor is coupled to a volt- 
age control line. 

101 .The integrated circuit of any of claims 1, 7 or 83 
55 wherein the integrated circuit contains or the first 
branch, second branch and third branch contain no 
bypass switches, and wherein switches may include 
any of a relay, micro machined switch, transistor 
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switch, PIN diode switch, or Schottky diode switch. 

102. The integrated circuit of claim 1 7 further comprising 
a fifth circuit block coupled between the fifth node 
and a sixth node. 

103. The integrated circuit of claim 102 wherein the fifth 
circuit block comprises a capacitor coupled between 
the fifth node and sixth node. 

104. The integrated circuit of claim 102 wherein the fifth 
circuit block comprises: 

an inductance device coupled between the fifth 
node and sixth node; and 
a capacitor coupled between the sixth node and 
a reference voltage level, wherein the induct- 
ance device comprises at least one of an induc- 
tor, wire bonding, transmission line, microstrip 
line, strip line, coaxial cable, or coplanar 
waveguide. 



108. The integrated circuit of claim 102 wherein the fifth 
circuit block comprises: 

a capacitor coupled between the fifth node and 

5 a reference voltage level; 

an inductance device coupled between the fifth 
node and sixth node, wherein the inductance 
device comprises at least one of an inductor, 
wire bonding, transmission line, microstrip line, 

10 strip line, coaxial cable, or coplanar waveguide. 

109. The integrated circuit of claim 50 further comprising 
a fifth circuit block coupled between the seventh 
node and a eighth node. 

15 

110. The integrated circuit of claim 109 wherein the fifth 
circuit block comprises a capacitor coupled between 
the seventh node and eighth node. 

20 111. The integrated circuit of claim 1 09 wherein the fifth 
circuit block comprises: 



105. The integrated circuit of claim 102 wherein the fifth 
circuit block comprises: 

an inductance device coupled between the fifth 
node and seventh node; 
a first capacitor coupled between the seventh 
node and a reference voltage level; and 
a second capacitor coupled between the sev- 
enth node and the sixth node, 

wherein the inductance device comprises at least 
one of an inductor, wire bonding, transmission line, 
microstrip line, strip line, coaxial cable, or coplanar 
waveguide. 

106. The integrated circuit of claim 102 wherein the fifth 
circu it block comprises an inductance device and ca- 
pacitor, in series, coupled between the fifth node and 
sixth node, wherein the inductance device compris- 
es at least one of an inductor, wire bonding, trans- 
mission line, microstrip line, strip line, coaxial cable, 
or coplanar waveguide. 

107. The integrated circuit of claim 102 wherein the fifth 
circuit block comprises: 

a first capacitor coupled between the fifth node 
and a reference voltage level; 
an inductance device coupled between the fifth 
node and sixth node; and 
a second capacitor coupled between the sixth 
node and a reference voltage level, wherein the 
inductance device comprises at least one of an 
inductor, wire bonding, transmission line, micro- 
strip line, strip line, coaxial cable, or coplanar 
waveguide. 



an inductance device coupled between the sev- 
enth node and eighth node; and 
25 a capacitor coupled between the eighth node 

and a reference voltage level, wherein the in- 
ductance device comprises at least one of an 
inductor, wire bonding, transmission line, micro- 
strip line, strip line, coaxial cable, or coplanar 
30 waveguide. 

112. The integrated circuit of claim 109 wherein the fifth 
circuit block comprises: 

35 an inductance device coupled between the sev- 

enth node and ninth node; 
a first capacitor coupled between the ninth node 
and a reference voltage level; and 
a second capacitor coupled between the ninth 
40 node and the eighth node, wherein the induct- 

ance device comprises at least one of an induc- 
tor, wire bonding, transmission line, microstrip 
line, strip line, coaxial cable, or coplanar 
waveguide. 

45 

113. The integrated circuit of claim 109 wherein the fifth 
circuit block comprises an inductance device and ca- 
pacitor, in series, coupled between the seventh node 
and eighth node, wherein the inductance device 

50 comprises at least one of an inductor, wire bonding, 
transmission line, microstrip line, strip line, coaxial 
cable, or coplanar waveguide. 

114. The integrated circuit of claim 109 wherein the fifth 
55 circuit block comprises: 

a first capacitor coupled between the seventh 
node and a reference voltage level; 
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an inductance device coupled between the sev- 
enth node and eighth node; and 
a second capacitor coupled between the eighth 
node and a reference voltage level, wherein the 
inductance device comprises at least one of an 5 
inductor, wire bonding, transmission line, micro- 
strip line, strip line, coaxial cable, or coplanar 
waveguide. 

115. The integrated circuit of claim 109 wherein the fifth 10 
circuit block comprises: 

a capacitor coupled between the seventh node 
and a reference voltage level; 
an inductance device coupled between the sev- '5 
enth node and eighth node, 

wherein the inductance device comprises at least 
one of an inductor, wire bonding, transmission line, 
microstrip line, strip line, coaxial cable, or coplanar 20 
waveguide. 

116. The integrated circuit of claim 87 wherein N is 0, 1 , 
2, 3, 4, or 5 and/or M is 2, 3, 4, or 5. 

25 



30 



35 



40 



45 



50 



55 



27 



EP 1 612 932 A1 



i 



■ 




28 



EP 1 612 932 A1 




rs 




29 



EP 1 612 932 A1 




30 



EP 1 612 932 A1 




00 




31 



EP 1 612 932 A1 




32 



EP1 612 932 A1 




33 



EP1 612 932 A1 




34 



EP 1 612 932 A1 




35 



EP 1 612 932 A1 




36 



EP1 612 932 A1 




37 



EP 1 612 932 A1 




EP1 612 932 A1 




39 



EP1 612 932 A1 




40 



EP1 612 932 A1 




41 



EP 1 612 932 A1 





in 




■ 



fM 

■ 

in 



i 

m 



I 

m 



42 



EP1 612 932 A1 




44 



EP 1 612 932 A1 




EP1 612 932 A1 





46 



EP 1 612 932 A1 




o 

fM 

■ mm 

u. 



: HH 



fM 

^8 



JS cn 

- i/j (0 ■ 

u op 
u > 




47 



EP 1 612 932 A1 




48 



EP1 612 932 A1 




49 



EP 1 612 932 A1 




50 



EP 1 612 932 A1 




51 



EP 1 612 932 A1 




52 



EP 1 612 932 A1 




o 

Oi 

•5 f 

I 5 



(A 
(0 
CD 



c 
o 
u 

1 



O 




c 

■ MB 

IB 

z 

O 



3 

IN 



53 



EP 1 612 932 A1 



2 

2 



10 
3 

■o 
o 

(A 
10 

CO 

im 

.0 



ID 
0> 

fM 
£? 

'5 

u 
o 

■M 

c 
o 
u 



§ 



£ 

rs 3 

<N < 




il 



54 



EP 1 612 932 A1 



2 5 




a 



00 
IN 

6) 



vo 



u 
p 



o 
u 

JS 

V) 

u 

> 

La 

Q 
i- 

O 

w 

a 
£ 

s 

lli 




I 

CO 



N 
i 

00 
N 



i 

00 
CM 



55 



EP1 612 932 A1 




(Vui) juauno jueosamo {yfiu) juauno »ueosemO 





< 

fM 
Ui 

a mm 

LL 



3«> 



56 



EP1 612 932 A1 




57 



EP 1 612 932 A1 




58 



EP1 612 932 A1 




59 



EP 1 612 932 A1 



2 



n 

umm 



s | 

1 2 

0 c 

2 2 

(0 £ 

.2 > 

1 ! / 


- ■ , . — w 

Second mode OUTPUT POWER 

(dBm) 


< 




First mode 


m 

10 

< 


c 





60 



European Patent 
Office 



EP1 612 932 A1 
EUROPEAN SEARCH REPORT 



Application Number 

EP 04 25 3734 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation of document with indication, where appropriate, 
of relevant passages 


Relevant 
to claim 


CLASSIFICATION OF THE 
APPLICATION (lnt.CI.7) 


X 
Y 

Y 

Y 
A 


US 2OO4/1Q8901 Al (APEL THOMAS R ET AL) 
10 June 2004 (2004-06-10) 

* paragraph [0031] - paragraph [0060]; 
figures 3, 4a, 4b * 

US 6 066 983 A (OKORO JEREMIAH) 
23 May 2000 (2000-05-23) 

* column 2, line 55 - column 3, line 7; 
figure 1 * 

EP 1 330 021 A (M A COM EUR0TEC B V) 
23 July 2003 (2003-07-23) 

* column 6, line 5 - column 7, line 12; 
figures 3a, 3b * 

EP 1 032 120 A (MATSUSHITA ELECTRIC IND CO 
LTD) 30 August 2000 (2000-08-30) 

* paragraphs [0021] - [0027] , [0035] - 
[0040]; figures 1,5 * 

-/-- 


1,4-6, 

17,40, 

50,77, 

82,83, 

89,90, 

101-103 

2,3, 

7-16, 

18-39, 

41-49, 

51-76, 

78-81, 

84-88, 

91-100, 

104-116 

2,3, 

7-16, 

18-39, 

41-47, 

49, 

51-76, 
78-81, 
84-88, 
91-99, 
104-116 

48,81, 
100 

1-116 


H03F1/02 

H03F1/32 
H03F1/30 
H03F3/72 
H03F3/60 
H03G3/30 
H03F3/195 


TECHNICAL FIELDS 
SEARCHED (lnLCI.7) 


H03F 

H03G 


The present search report has been drawn up for all claims 


Place of search Dale of completion of the search Examiner 

The Hague 2 December 2004 Fedi, G 


CATEGORY OF CITED DOCUMENTS T : theory or princple underlying the invention 

E : earlier potent document, but published on, or 
X : particularly relevant it taken alone after the tiling date 
Y : particularly relevant if combined with another D : document cited in the application 
document of the same category L : dooument oited for other reasons 

O : non-written disclosure & : member of the same patent family, corresponding 
P : intermediate dooument dooument 



61 



EP 1 612 932 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 04 25 3734 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPUCATION < lnt.CI.7) 



EP 0 977 354 A (NIPPON TELEGRAPH & 
TELEPHONE) 2 February 2000 (2000-02-02) 
* paragraphs [9010] - [0013] , [0021] ; 
figures 2a, 6a * 



EP 1 229 642 A (SONY INT EUR0P GMBH) 

7 August 2002 (2002-08-07) 

* paragraphs [0026] - [0045]; figure 1 



1-116 



101 



TECHNICAL RELDS 
SEARCHED (lnt.CI.7) 



The present search report has been drawn up for ail claims 



Place of search 

The Hague 



Date ot completion ot the search 

2 December 2004 



Exoniner 

Fedi, G 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken abne 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disolosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 



& : member of the same patent family, corresponding 
document 



62 



EP 1 612 932 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 04 25 3734 



This annex ttsts the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

02-12-2004 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(3) 



Publication 
date 



US 2004108901 Al 10-06-2004 



W0 
W0 
W0 
US 
US 

us 



2004027982 A2 
2004027984 Al 

2004027983 A2 
2004056721 Al 
2004056711 Al 
2004108900 Al 



US 6066983 
EP 1330021 



23-05-2000 
23-07-2003 



NONE 



US 2003132801 Al 

CN 1433145 A 

EP 1330021 A2 

JP 2003229731 A 



EP 1032120 



30-08-2000 



EP 
JP 
US 



1032120 A2 
2001185957 A 
6329875 Bl 



EP 0977354 



02-02-2000 



EP 
JP 
US 
WO 



0977354 Al 
3387508 B2 
6265935 Bl 
9943083 Al 



EP 1229642 



07-08-2002 EP 



1229642 Al 



8 



01-04-2004 
01-04-2004 
01-04-2004 
25-03-2004 
25-03-2004 
10-06-2004 



17-07-2003 
30-07-2003 
23-07-2003 
15-08-2003 



30-08-2000 
06-07-2001 
11-12-2001 



02-02-2000 
17-03-2003 
24-O7-20O1 
26-08-1999 



07-08-2002 



& For more details about this annex : see Official Journal of the European Patent Office, No. 1 2/82 



63 



